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PREFACE. 


Among the splendid scientific discoveries of this century, 
two are specially prominent—Photography and Spectrum 
Analysis. Both belong to the province of Optics, and at 
the same time to that of Chemistry, While Spectrum 
Analysis has, down to the present time, remained almost 
exclusively in the hands of scientific men as a most im¬ 
portant means of research, Photography passed immedi¬ 
ately into practical life, spread over almost every branch 
of human effort and knowledge, and now there is scarcely 
a single field in the universe of visible phenomena where 
its productive influence is not felt. 

It brings us faithful pictures of remote regions, of 
strange forms of stratification, of fauna, and of flora; it 
fixes the transient appearances of solar eclipses; it is of 
great utihty to the astronomer and geographer; it 
registers the movements of the barometer and ther¬ 
mometer ; it has become connected with porcelain paint¬ 
ing and the various forms of printing; it makes the 
noblest works of art accessible to those of slender means. 
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But it does more than this. A new science has been 
called into being by Photography, the Chemistry of 
Light; it has given new conclusions respecting the 
operations of the vibrating ether of light. It is true 
that these services, rendered by Photography to art and 
science, are only appreciated by the few. Men of science 
have in gi'eat measure neglected this subject after the 
first enthusiasm excited by Daguerre’s discovery had 
passed away; but .seldom is Photography mentioned in 
the text books of physics and chemistry. 

This consideration has induced the Author to lay 
before the public a popular treatise of Photography and 
the Chemistry of Light, showing their important bearing 
on science, art, and industry. The Publisher has met the 
Author in the readiest manner, not only by providing 
numerous woodcuts to explain the text, but by obtaining 
specimens of the latest discoveries in Photography, at a 
considerahle cost ; so that the illustrations afford the 
reader an opportunity of seeing of what value Photo¬ 
graphy can be in connection with the printing press. 
The Author trrists the work may meet a friendly 
reception. 


THE AUTHOR 
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THE CHEMISTEY OF LIGHT. 


CHAPTER I 

DEVELOPMENT OP ODP PHOTO-CHEMICAL KNOWLEDGE. 


Various Effects of Light—Physical and Chemical Changes—Bleaching 
Effect of Light—Action of Light upon Chloride of Silver and Lunar 
Caustic (Nitrate of Silver)—Chemical Ink—Pictures upon Paper 
prepared with Nitrate of Silver—The Kesearches of Wedgwood and 
Davy —The Camera Obscura — Niepce — Effects of Light upon 
Asphalt—Heliography—Its Application to the Production of Paper 
Money—Iodide of Silver—Discovery of the Daguerreotype. 


The light which radiates from the great central body of 
our planetary system produces manifold effects upon the 
aiumate and inanimate world, some of which are at once 
evident to the senses, and have been known for thousands 
of years, while others, again, are not so apparent to the 
eye, and have been discovered, examined, and utilized 
only through the observations of modern times. 

The first effect which every person, however unculti¬ 
vated, notices when, after the darkness of night, the sun 

B 



THE CHEMISTRY OF LIGHT. 


rises, is tliat bodies become visible. The rays from the 
source of light are throvoi back (reflected) from various 
liodies, they reach our eyes, and produce an impression 
upon the retina, the result of which is the perception of 
material objects by the eye. But soon another effect is 
ol:)served, not b}^ the eye, but by the sense of feeling. 
Tlie sun’s rays not only illumine bodies upon which they 
fall, l:ait heat them, as is felt when the hand is held in 
the ra3’s. Both eflects, the shining^ or illuminating, and 
the wanning effects of the sunbeams, differ very essential ly 
from each other. The illuminating effect we perceive 
instantaneously; the heating eflect is only felt after a 
certain time, which may he shorter or longer, as the 
heating power of the sun is stronger or weaker. 

In addition to these two effects of sunlight, there is a 
third, which generally requires a still longer period to 
make itself noticed, and which cannot be directly per¬ 
ceived either hy the eye or by the sense of feeling, but 
only l)y the peculiar changes which light produces in 
the material world. These are the chemical effects of 
light. 

It we take a piece of wood, and bend or saw it, we 
change its form; if mb it, it becomes -wami—we 
change its temperatm-e, but it still remains wood. These 
changes, which do not affect the substance or matter 
(Sfqif) of a body, we term physical. 

But it we set fire to a piece of wood, strong-smellino- 
gases ascend, ashes are deposited, and a black residue 
lemains, uluch. is totally different from the wood. 
this process a new substance—charcoal—has been pro¬ 
duced. Ifaferial changes of this kind we term chemical 
changes ;-and such chemical changes are, in an especial 
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manner, produced hy heat. If, for instance, we heat a 
bright iron wire red hot, it undergoe>s apparently only 
a physical (not a material) change. But, if we allow' 
it to cool, we find the bright rod has become dull and 
black; that it has acquired a brittle, black surface, which 
easily breaks away on bending the rod, and differs 
entirely from the bright, tough, flexible iron. Here 
again a chemical change, that is to say, a change of 
substance, has taken place; the iron has been converted 
into another body, into iron scale, because it has com¬ 
bined with a component part of the surrounding air— 
with oxygen. 

Chemical changes of this kind are not only produced 
by heat but also by light. 

It has long been, knowm that when the colours wdth 
•which fabrics are dyed are not the so-called fast colours, 
they fade in the light, that is, become paler. In this 
case the colouring matter changes into a colourless 
or di'fferently coloured body; and that this is the effect 
of flight is evident from the fact that those parts of the 
material in question which are covered up from the light 
—beneath the folds, for example—remain unchanged. 
This effect of light upon colour has been long turned to 
practical use in the bleaching of linen. The unbleached 
fabric is spread out in the sunlight, and repeatedly 
moistened with water; and thus, through the combined 
effect of light and moisture, the dark colouring substance 
becomes gradually soluble, and can then be removed from 
the linen hy boiling it in alkaline lye. 

It was formerly believed that the changes we have 
just described were caused by the heat wduch is produced 
in bodies hy the sun s rays. That this is an erroneous 



4 


THE CHEMISTRY OF LIGHT. 


view is evident from the fact that fabrics dyed in colours 
which are not hist can be exposed for months together 
in the temperature of a hot oven without any bleaching 
ehect; and further, that wax, which the sunlight like¬ 
wise bleaches, hecomes darker, rather than paler, through 
heat. 

As we remarked before, the bleaching effect of sun¬ 
light is a slow process, and this circumstance renders the 
plienomenon less striking. A sudden and rapid occur¬ 
rence surprises ns, and stirs us up to inquire and to 
reflect. 

Ill the mines of Freiberg is occasionally found a 
vitreous dull-sliiniiig silver ore, which, on account of its 
appearance, is called horn silver (chloride of silver). 

Tins horn silver consists of silver and chlorine in 
chemical combination, and can be artificially produced by 
jiassing chlorine gas over metallic silver. This horn silver 
in its original position is completely colourless, but as 
soon as it is exposed to the daylight it assumes, in a few 
miimtes, a violet tint. This effect of light has long- 
excited the astonishment of men of science. 

In another substance containing silver this pheno¬ 
menon is still more apparent. Silver, placed in nitric 
acid, is dissolved with effervescence, and if the solution is 
evaporated, a solid mass of crystals is obtained. This is 
not silver, but a combination of this body with nitric acid. 
This nitrate of silver is totally different from ordinary 
sil\ei, it is easily soluble in watery it has a hitter, di>s~ 
agreeable taste; ^it fuses readily and destroys orgaiiic 
matter ; and it is therefore used as a corrosive agent, 
under the name of lunar caustic. ^ 

It has been long known that the fingers which have 
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grasped lunar caustic, skin wkicli lias keen cauterized 

it, or anytliing sprinkled with a solution of it^ 
quickly assume a dark colour. This can be at once 
observed by moistening a small piece of paper Avitli a 
silver solution, allowing it to dry, and then placing it in 
the light. 

These properties were soon made use of to produce 
a so-called indelible ink, which is nothing more than a 
solution of one part of nitrate of silver in four parts of 
water, mixed with a thick solution of gum. Written 
characters traced with it upon linen cloth are pale; but, 
when dried in the sunlight, quickly become dark brown, 
and are not injured by washing. Ink of this kind is 
much used in hospitals for marking linen. A quill, not 
a steel pen, must be used, as steel decomposes the nitrate 
of silver. It is not unusual to print the characters by 
means of wooden type. 

From the discovery of the blackening of paper 
saturated with lunar caustic to the invention of photo¬ 
graphy there was but a step; yet it was long before any 
one thought of producing pictures by the help of light 
alone, and still longer before these attempts were crowned 
with success. 

Wedgwood, the son of the celebrated manufacturer of 
porcelain who produced the popular Wedgwood ware, 
and Davy, the celebrated chemist, made the first attempts 
in the year 1802. They placed flat bodies, such as the 
leaves of plants, upon paper prepared with nitrate of 
silver. Light was thus kept from the parts of the paper 
covered by the objects, these parts remained white, whilst 
the uncovered portions of the paper were blackened by 
the light; and thus was produced a white outline, Ov 
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white silhouette/’ of the superimposed objects upon a 
black ground. (See Figs. 1 and 2.) 



Wedgwood produced in this manner copies of draw¬ 
ings upon glass, in white lines upon, a black ground; and 
this process became the basis, in modern times, of a mode 
of treatment which attained the highest importance, 
coming under the name of the lichtpcms process. 

Unfortunately these pictures were not durable. They 
had to be kept in the dark, and could only he exhibited 
in a subdued light. If they remained long exposed to 
the light, the white parts also became black; and thus 
the picture disappeared. No means were then known to 
make the pictures durable, that is to say, to make them 
unalterable by light, or, as we now say, to fix them. But 
the first step towards the discovery of photography was 
made; and the idea of producing pictures of objects 
without the help of the draughtsman became, aftei‘ these 
fii^t attempts, so extremely attractive that, from that 
time, both in England and in France, a large number of 
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persons occupied tliernselves with the subject in private 
with the greatest enthusiasm. 

It is clear that by the process of Wedgwood and Davy 
only flat bodies could be copied, and, notwithstanding all 
the improvements of which the process was still sus¬ 
ceptible, it admitted of only a limited application. 

But Wedgwood had already conceived the idea of the 
possibility of pinducing pictures of any bodies whatsoever 
by the action of light on sensitized paper. He tried to 
effect this by the aid of an interesting optical instrument 
which has the property of forming flat images of solid 
objects. This instrument is the camera obscura. 



If a small hole he made in the window shutter of a 
completely darkened room on a sunny day, a clear image 
of the landscape will he seen on the opposite wall of the 
room. 

Let a be a poplar, o the hole, and w the back vrall of 
the room, then from each point of the poplar rays of 
light will travel towards the hole, and beyond that in 
a straight line to the wall. It is now clear that to the 
point a! light can only arrive from the point a of the 
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poplar, whlcli is situated on the extension of the line a'o. 
Therefore this point of the wall can only reflect light, 
which in its colour and position corresponds to the point 
(L The same remark applies to the points / and g, and 
the result accordingly is that on the wall an inverted 
image of the tree is visible. This was first observed by 
Porta, the celebrated Italian physicist of the 16th century, 
whose house, we are told by contemporaries, was seldom 
free from visitors in search of knowledge. An improved 
instrument was soon obtained by using instead of the 
room a small box (Fig. 4) which had a movable semi-trans¬ 
parent screen in place of the solid wall. On this screen 



the image of an object in front of the box is clearly visible, 
if a minute hole is made in the front side, which is best 
if composed of a thin tin plate.^ 

These images appear still more beautiful if, instead of 
a hole, a glass lens, or, as it is called, a burning-glass, is 
substituted. This lens, or hurning-'glass,” at a certain 
distance, which is eq^ual to that of its focus, casts a 
distinct image of objects—which is much better defined 
and clearer than that which is produced by a hole. 

* To preTent tlie aocoss o£ light the head, jnust h© covered with a 
ckfeh. 
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In this improved form the instrument was employed 
by Wedgwood and Davy. Their idea was to fix on 
sensitized paper the image produced upon the screen. 
They fastened a piece of paper saturated with a silver 
salt upon the place of the image, and left it there for 
several hours—unfortunately without result. The image 
was not bright enough to make a visible impression upon 
the sensitized paper, or the paper was not sufficiently 
sensitive. It now became necessary to find a more 
sensitive preparation to catch the indistinct image; and 
this was achieved by a Frenchman—Nicophore Niepce. 
He had recourse to a very peculiar substance, the sensi¬ 
tiveness of which to light was before unknown to any 
one—^asphalt, or the bitumen of Judsea. This black 
mineral pitch, which is found near the Dead Sea, the 
Caspian, and many other places, is soluble in ethereal 
oils—such as oil of turpentine, oil of lavender—as well 
as in petroleum, ether, etc. If a solution of this sub¬ 
stance is poured upon a metal plate, and allowed to cover 
the surface, a thin fluid coating adheres to it, which soon 
dries and leaves behind a thin brown fihn of asphalt. 
This film of asphalt does not become darker in the 
light, but it loses by light its property of solubility in 
ethereal oils. 

If such a plate, therefore, is put in the place of the 
image of the camera obscura, the asphalt coating will 
remain soluble on all the dark places (shadows) of the 
image, whilst the light spots will become insoluble. 
The eye, it is true, does not perceive these changes; 
the plate, after being exposed to the influence of light, 
appears the same as before the exposure. But if oil of 
lavender is poured over the coating of asphalt, it dissolves 
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all the spots that had remained nnchangedj and leaves 
behind aU those that had been changed by light, that is, 
had been rendered insoluble. Thus, after several hours 
exposure in the camera obseura, and subsequent treat¬ 
ment with ethereal oils, Nibpce succeeded, in fact, in 
obtaining a picture. This picture was very imperfect it 
is true, but interesting as a first attempt to fix the 
images of the camera, and still more interesting as 
evidence that there are bodies which lose their solubility 
in the sunlight. This fact was again made use of long 
after the death of Niepce, and it led to one of the finest 
applications of photography, that of heliography, or the 
combination of photography with copper-plate printing, 
Avhich Niepce himself, to all appearance, had already 
known. 


A copper-plate print is produced thus;—A smooth 
plate of copper is engraved with the burin (or graving 
^1); that is to say, the lines which should appear black 
m the picture are cut deeply in the plate. In producing 
impressions, ink is first rubbed into these cuts, and then 
a sheet of paper is placed upon the plate and subjected 
to the action of a roUer press, whereby the ink is trans-, 
ferred to &e paper and produces tire copper-plate impres¬ 
sion. Niepce endeavoured to utilize light in producing 
these engraved copper plates in place of the laborious 
process of cnttmg. To effect this he covered the copper 
pkte with asphalt, as before stated, and exposed it to 
the light beneath a drawing on paper. In this case the 
black Imea of the drawing kept back tbe light; and, 
aaorfmgly, in these places the asphalt coating remained 
soluble; under the white paper, on the contrary, it became 
msolnble. Therefore, when lavender oil was afterwards 
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poured over the plate, the parts of the asphalt rrhicli 
had become insoluble adhered to the plate, whilst the 
soluble parts were dissolved and removed; and the plate 
in those places was laid bare. Thus a film of asphalt 
was obtained on the plate in which the original drawing 
appeared as if engraved. 

If a corrosive acid is now poured on such a plate, 
it can only act on the metal in those places where it is 
not protected by the asphalt; and in such places his 
metal plate was in fact eaten into. Thus an incised 
drawing upon a metal plate was produced by the cor¬ 
rosive action of the acid, and a plate was obtained 
which, after cleaning, could be used for printing like an 
engraved copper plate. Copper-plate prints of this kind 
have been found amongst the papers left by Niepce, 
which he called ‘^ heliographs,’^ and showed to his friends 
as far back as 1826. This method, in an improved 
form, is still in use at the present day, especially in the 
printing of paper money, when it is requisite to pro¬ 
duce a number of engraved plates which are all to be 
absolutely alike, so that one piece of paper money may 
perfectly correspond to another, and may therefore be 
distinguished from counterfeits. In this way the arms 
and the inscription on the face of the Prussian ten- 
thaler notes are printed off from heliographic plates. 
Thousands of people carry photographic impressions in 
their pocket-books, without knowing it. Nor is there 
any occasion to fear that these notes can be imitated 
easily by the help of photography or heliography. We 
shall show later on, that the ground tint, the paper 
itselfi and the colour of the inscription present well- 
devised obstacles to all such imitations, and make them 
very difficult, if not impossible. 
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Niepce’s impressions were undoubtedly very imperfect, 
and therefore remained unnoticed. He himself gave them 
up, and again entered upon a series of experiments to fix 
the charming images of the camera obscura. In 1829 
Daguerre joined him; and both carried on experiments 
in common until 18BS, when Nibpce died without 
having obtained the reward of his long-continued efforts. 
DagueiTe went on with the experiments; and he would 
not, perhaps, have got further than Niepce if a fortunate 
accident had not worked in his favour. 

He made experiments with iodide of silver plates, 
which he produced by exposing silver plates to the 
vapour of iodine, a peculiar and very volatile chemical 
element. Under this treatment, the silver plate assumes 
a pale yellow colour, which is peculiar to the compound 
of iodine and silver. These plates of iodide of silver are 
sensitive to light, they take a brown colour when exposed 
to it, and an image is produced upon them when they 
are exposed to the action of light in the camera. A 
very long exposure to light, however, is necessary to 
this end; and the thought could scarcely have arisen of 
taking the likeness of any person in this manner, since 
he would have been obliged to remain motionless for 
hours. 

One day Daguerre placed aside as useless, in a closet 
in which were some chemical substances, several plates 
that had been exposed too short a time to the light, and 
therefore as yet showed no image. After some time he 
happened to look at the plates, and was not a little 
^tonished to see an image upon them. He immediately 
divined that this must have arisen through the operation 
on the plates of some chemical substance which was 
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lying in the closet. He therefore proceeded to take out 
of the closet one chemical after the other, and placed 
there plates which had been exposed to the light, when, 
after remaining there some hours, images were again 
produced upon them. At length he had removed in 
succession all the chemical substances from the closet; 
and stil images were produced upon the plates. He was 
now on the point of believing the closet to be bewitched, 
when he discovered on the floor a dish containing mercurj^, 
which he had hitherto overlooked. He conceived the 
notion that the vapour from this substance—for mercury 
gives off vapour even at an ordinary temperature—must 
have been the magic power which produced the image. 
To test the accuracy of this supposition, he again took a 
plate that had been exposed to light for a short time in 
the camera obscura, and on which no image was yet 
visible. He exposed this plate to the vapour of mercury, 
and, to his intense delight, an image appeared, and the 
world was enriched by a most beautiful discovery. 
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CHAPTEE IL 

THE DAGUEEHEOTYPE. 

Its Publication and extended Use—Metliod—Iniproremeuts—T)iscorery 
of the Portrait Lens—Esthetic Effects of the Daguerreotype. 

Maky persons at the present day, who have before their 
eyes the grand productions of paper photography, such, 
for example, as life-size portraits, View doubtless with 
pity, or even contempt, the little pictures called daguerre¬ 
otypes, from their inventor. The appearance of these 
pictures is no douht injured hy the ugly mirror-like 
surface which prevents a clear view of them. No such 
objections were felt in the year 1839, when Daguerre’s 
discovery was first spread abroad by report. Pictures 
were said to be produced without a draughtsman by the 
operation of the sun’s rays alone. That was of itself 
wonderful; hut it was stiU more wonderful that, by the 
mysterious operation of light, every substance impressed’ 
its own image on the plate. How many extravagant 
hopes, how many evil prognostications, were associated 
with the report of this mysterions invention ? 

It was prophesied that painting would come to an 
end, and that artists would die of starvation. Every one 



THE HAaUERKEOTYPE. 


15 


hoped that he could himself prepare images of any objects 
which he desired. 

A friend is leaving home: in an instant his image is 
permanently retained at the moment of departure. A 
joyous company Is assembled: a picture is taken of it at 
once as a souvenir. All objects were to be thus retained 
as pictures by the chemical action of light: the landscape 
glowing with the magical effects of sunset, the favourite 
spot in the garden, the daily life of the streets—^men, 
animals, everything. 

Then came sceptics who declared the whole thing 
impossible. These persons were reduced to silence by the 
testimony of Humboldt, Biot, Arago, the three celebrated 
scientific men to whom Daguerre disclosed his secret in 
1838. The excitement grew. Through the influence of 
Arago an application was made to secure to Daguerre a 
yearly pension of 6000 francs, provided he made public 
his discovery. The French Chamber of Deputies agreed; 
and, after a long and tiresome delay, the discovery was at 
length disclosed to the expectant world. 

It was at a memorable public seance of the French 
Academy of Scienoes in the Palais Mazarin, on the 19th 
of August, 1839, that Daguen^e, in the presence of all the 
great authorities in art, science, and diplomacy, who were 
then in Paris, illustrated his process by experiment. 

Arago declared that "France had adopted this dis¬ 
covery, and was proud to hand it as a present to the 
whole world;'’ and henceforth, unhindered by the quackery 
of mystery, and unfettered by the right of patent,* 

* Ife was only in England tliat tlie process was patented, before its 
publication on the 16tli of July, 1839. 
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the cliscoYery of Daguerre made the round of the civilized 
world. 

Daguerre’ quickly gathered round him a number of 
pupils from all quarters of the globe; and they trans¬ 
planted the process to their homes, and became in their 
turn centres of activity, which daily added to the number 
of disciples of the art. 

Sachse, a dealer in art still living in Berlin, was 
initiated into Daguerre’s discovery on the 22nd of April, 
1839, and was appointed Daguerre’s agent in Germany. 
On the 22nd of September, four weeks after the publica¬ 
tion of the discovery, Sachse had already produced the 
first picture at Berlin. These pictures were gazed at as 
wonders, and each copy was paid for at the rate of from 
£1 to £2; while original impressions of Daguerre fetched 
as much as 120 francs. On the 30th of September Sachse 
made experiments in the Park of Oharlottenburg, in the 
presence of King Friedrich Wilhelm the Fourth. In 
October the earhest Daguerre apparatuses were sold in 
Berlin. The first set of appai*atus was purchased hy 
Beuth for the Royal Academy of Industry at Berlin, and 
is still to he seen there. After the introduction of the 
apparatus, it was in the power of every one to carry out 
the system; and a great number of daguerreotypists 
started into existence. Men of science, too, cultivated 
(more than they do now) the new art: among others, 
the physicists, Professors Karsten, Moser, Norrenberg, 
Yon Ettinghausen—nay, even ladies, as Frau Professor 
Mitscheriich. 

The first objects photographed hy Sachse were archi¬ 
tectural views, statuary, and paintings, which for two 
years found a ready sale as curiosities. It was in 1840 
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that he first represented groups of living persons, and in 
this way photography became especially an art of por¬ 
traiture. It made the taking of portraits its principal 
means of vsupport, and in two years there were daguerreo- 
typists in all the capitals of Europe. 

In. America a painter, Professor Morse, afterwards 
the inventor of the Morse telegraph, was the first to 
prepare daguerreotypes ; and his coadjutor was Professor 
Draper. 

Let us now consider more closely the process em¬ 
ployed in producing daguerreotype plates. A -silver 
plate, or in the place of it a silver-plated copper plate, 
serves to receive the image. It is rubbed smooth by 
means of tripoli and olive oil; and then receives its 
highest polish with rouge and water and cotton-wool. 
It is, only a perfectly polished plate that can be used 
for the process. This burnished plate is placed with its 
polished side dovmward upon an open square box, the 
bottom of which is strewn down with a thin layer of iodine. 
This iodine evaporates, its vapours come into contact 
with the silver, and instantly combine with it. By 
this means the plate first assumes a yellow straw-colonr, 
next red, then violet, and lastly blue. The plate, pro¬ 
tected from the light, is then placed in the camera obscnra, 
where the image on the ground-glass slide is visible, and 
exposed ” for a certain time. It is afterwards brought 
back into the dark, and put into a second box, upon the 
metal floor of which there is mercury. This mercury is 
slightly warmed by means of a spirit lamp. At first no 
trace of the image is visible on the plate. This does- not 
appear until the mercury vapour is condensed on those 
parts of the plate which have been affected by the light; 
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and this condensation is in proportion to the change 
which the light has caused. During this process the 
mercury is condensed into very minute white globules, 
which can be very well discerned under the microscope. 
Tliis operation is called the development of the picture. 

After the development the remaining iodide of silver, 
which is still sensitive to light, must be removed to 
render the image durable, that is, "'to fix it.'' This is 
effected by using a solution of hypo-sulphite of soda, 
which dissolves the iodide of silver., Nothing more is 
required after this than to wash with water and dry, and 
the daguerreotype is completed. Sometimes, in order to 
protect the picture, it was usual to gild it. A solution of 
chloride of gold was poured over, and then it was 
warmed; a thin film of gold was deposited, which con¬ 
tributed essentially to the durability of the pictures. A 
picture of this nature, however, is easily injured, and 
requires the protection of frame and glass. 

Daguerre’s first pictures needed an exposure of 20 
minutes—^too long for taking portraits. But soon after 
it was found that hromine, a rare substance, having many 
points of resemblance with iodine, employed in. combina¬ 
tion with the latter, produced much more sensitive 
plates, which required far less time, perhaps not more 
than from one to two minutes, for exposure. 

Many of us, perhaps, still rememher the early period 
of photography, when persons were obliged to sit in the 
full sunlight, and allow the dazzling rays to fall directly 
upon the face—torture which is clearly marked and 
visible on the portraits still preserved of these photo¬ 
graphic victims, in the blackened shadows, the distorted 
muscles, and the half-closed eyes. These caricatures 
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could certainly not bear any comparison with a good 
drawing from life, nor probably would portrait-photo¬ 
graphy have ever succeeded if it had not become possible 
to obtain good results in a moderated light. This was 
attained by the invention of a new lens—-the double 
objective portrait lens of Professor Petzval, of Vienna. 

This new lens was distinguished by the fact that it 
produced a much brighter picture than the old lens of 
Daguerre, so that it was now possible to take less 
dazzlingly illuminated objects. This lens was invented 
by Petzval in 1841. Voigtlander ground the lens accord¬ 
ing to his directions, and soon one of Voigtlander’s lenses 
became indispensable to every daguerreotypist. By em¬ 
ploying bromide of iodine and Voigtlander’s lens, the 
exposure was reduced to seconds. 

The daguerreotype art had therewith reached its 
zenith. However delicate the pictures so produced 
appeared, it was found, after the first enthusiasm had 
gone and had given place to a cold spirit of criticism, 
that much still remained to be desired. 

First, the glare of the pictures made it difiicult to look 
at them. Then there were several mai'ked deviations 
from nature: yellow objects often produced little or no 
effect, and appeared black; on the other hand, blue objects, 
which appear dark to the eye, frequently, though not 
always, came out white. 

This is still the case in photography, only now the 
attempt is made to diminish this defect by subsequent 
treatment of the plate (by re-touching the negative). 

But stiU a well-grounded aesthetic objection was 
brought against these pictures. 

It was indisputable that the daguerreotype greatly 
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surpassed painting in the -wonderful clearness of detail, 
and the fabulous trutlifulness with which it reproduced 
the outlines of objects. The daguerreotype plate gives 
more than the artist, but for that very reason it gives too 
much. It reproduces the subordinate objects as faithfully 
as the principal object in the picture. 

Let us take the simplest ease—a portrait. A painter, 
when he paints a poHrait, does not by any means paint 
all that he sees in nature. The original wears, perhaps, 
a shabby coat, wliich shows a good many creases, perhaps 
a spot of grease, or a patch; but this does not disturb 
the painter in the least, for he leaves out these accidental 
details. In the same spirit, if the original is seated 
before an old whitewashed wall, the artist by no means 
put such a waU. into his picture, for he can leave out all 
that is displeasing, or add, on the contrary, what he 
wishes. 

It is different in photography. In taking portraits, 
all those minor accessories which disturb the picture are 
reproduced as faithfully as the principal object in it—- 
the individual loimself. Another point must be added to 
this. The different elements admitted by the painter 
into his picture are by no means made equally prominent. 
The head is the chief consideration in every portrait. 
The painter accordingly gives his best skill and care 
to the painting of the head in the most careful manner. 
At the very least he puts the head in the strongest 
light, and leaves the rest of the picture in a halffshade. 
But m a photograph it is hy no means the head which 
is generally the most prominent—^frequently it is a chair, 
or part of a background; and this detracts considerably 
irom the effect of the picture. Finally, the expression of 
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tlie face is an important point in a picture; and tliis 
varies witli the mood of the sitter. A photograph gives 
the expression which the original had at the moment the 
picture was taken. Now, the expression varies, and is 
affected by a slight annoyance, a vexatious circumstance, 
ennui, or even by the motionless attitude which has to 
be observed during the process; and hence the portrait 
often looks strange and unnatural. 

It is quite otherwise with painting. The painter has 
longer sittings of the original than the photographer; he 
soon learns to distinguish the accidental frame of mind 
from the characteristic expression of the face, and thus 
he is in a position to produce a portrait much more closely 
corresponding with the character of the original than that 
of the photographer can ever he. This naturally applies 
only to paintings of masters of the first order. In the 
portraits of the dauber, none of these advantages are 
found; and this large class disappeared, like bats before 
the light, when the art of sun-painting suddenly rose 
upon the world. Many of these themselves adopted the 
new art and attained to greater results than they could 
have done as painters. 

The artist of merit has no cause to fear photography. 
On the contrary, it proves advantageous to liim by the 
fabulous fidelity of its drawing—through it he learns to 
reproduce the outline of things correctly—^nor can it be 
disputed that, since the invention of photography, a 
decidedly closer study of nature and a greater truthful¬ 
ness are visible in the works of our ablest painters. 

We shall see further on, how even photography 
appropriated the aesthetic principles according to which 
painters proceed in preparing their portraits, and how 
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thereby a certain artistic stamp was given to these pro¬ 
ductions, which raised them far above those of the early 
period. But this result was only possible when the 
technical part of photography had been brought to per¬ 
fection, and a material better adapted to artistic work 
than an unyielding silver plate had been introduced. 
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CHAPTER III. 

PAPER PHOTOGRAPHY AHD THE LIQBTPAJJS, OR NEW 
TALBOT PROCESS. 

Talbot’s Paper Pkotograplis — Paper — Leaf-prints— 

paus Process and its Application. 

In the same year that Daguerre published his process for 
the production of images on silver plates, Eox Talbot gave 
to the vrorld a process for preparing drawings on paper 
by the help of light. Talbot was an English gentleman 
of fortune, who, like many Englishmen of leisure and 
means, employed his time in scientific observations. He 
plunged paper into a solution of common salt, dried it, 
and then put it into a solution of silver. In this way he 
obtained a paper which was much more sensitive to light 
than that employed by Wedgwood. He employed this 
paper in copying the leaves of plants. Talbot himself 
says, ''Nothing gives more beautiful copies of leaves, 
flowers, etc., than this paper, especially under the summer 
sun; the light works through the leaves, and copies even 
the minutest veins. 

This is no exaggeration. In the possession’of the 
author there are prints of this kind, made by Talbot 
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Himself, wHch sliow excellently the structure of the 
leaves. 

The pictures copied in this way in the sunlight are 
naturally not dmable, because the paper still contains 
salts of silver, and is therefore sensitive to light. But 
Talbot offered the means of fixing the pictures—he 
plunged them in a hot solution of common salt; in this 
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way the greater part of the silver salts was removed, and 
the pictures did not blacken to any considerable extent 
in the %hi 

The celebrated Sir John Herschel carried out this 
firing process even more successfully by plunging the 
pictures into a solution of hypo-sulphite of soda. Tliis 
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salt, -which dissolvOvS all the salts of silver, was at that 
time very expensive, costing six shillings per pound. The 
production of this salt soon kept pace with the increasing 
demands of photography, and now it is offered for sale by 
the ton, and at as low a rate as sixpence the pound. 

By this means the production of a durable sun-picture 
on paper, which Wedgwood had in vain attempted, 
was rendered possible. This method gave, indeed, only 
pictures of flat objects which could be easily pressed on 
paper; for instance, leaves of plants, patterns of stuffs, 
etc. The process has lately been resumed, after it had 
almost been forgotten. Charming ornaments of leaves, 
various plants, and flowers have been produced; and. 
these copies are proportionally more beautiful than the 
earlier ones, because^ a much finer and more even-surfaced 
paper than that of Mr. Talbot has recently passed into 
trade, under the name of lichtpaus papier* We give 
on the accompanying page a faithful imitation of one of 
these leaf-prints which have become popular in America. 

Since the sale of sensitive paper has rendered the 
production of these leaf-prii^ very easy, we give here 
the mode of producing them for our fair readers, who 
will be able in this manner, like their sisters in America, 
to make ornamental pictures for the adornment of lamp 
shades, portfolios, and similar things. 

The leaves—such as ferns and the like—are suitably 
chosen, pressed between blotting-paper and dried, then 
gummed on one side and grouped gi’acefully by the fair 
artist upon a glass plate, in a small frame (Fig. 6). As 


^ This paper is produced by Mr. Komaiu Talbot, 11, Karlstrasse, 
Berlin. 
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soon as the whole is dry, the print can be at once 
commenced.^ 

A small piece of sensitized paper is placed on the 
leaves, the two wooden lids, h h, are laid upon it, and 
fastened down by means of two little cross-bar pieces of 
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wood, X X, and then the whole is exposed to the light, 
the glass side uppermost. The sheet of paper very soon 
assumes a brown eolom'*, where it is not covered by the 
leaves, and ultimately it receives a decided bronze tint. 
The light also penetrates partially through the leaves, 
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and colours the paper lying under them brown. It is 
easy to discern how far the paper under the leaves is 

* These wooden frames, called printing frames, dishes, and fixing salt, 
are also manufactm’ed by Mr. Talbot, at Berlin. There is now even a 
small plaything of this kind on sale, known by the name of the '‘svin- 
copying machine.” 








PAPER PHOTOGRAPHY AND THE LICHTPAUS PROCESS. 27 

coloured if one of the cross-bars, x, and the half cover, h, 
are removed, and the paper is lifted up. 

As soon as the impression is dark enough—it is quite 
a matter of taste whether the shade be dark or light— 
the papop is taken out and placed in a dark closet. 
Several pictures can, in like manner, be taken one after 
the other, and all of them can be afterwards fixed, that 
is, made permanent in the light, in one operation. 

To this end the picture is placed in a flat dish (Fig. 8) 
containing water, for about five minutes, and then in 
a second dish in which is a solution of one part of hypo¬ 
sulphite of soda in five parts of water. The moment the 
print is dipped in this it becomes of a yellowish brown. 
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After remaining ten minutes in the fixing solution— 
several can be immersed in succession—it is taken 
out and placed in fresh water (most conveniently in a 
saucer). This operation of placing in fresh water is 
repeated from four to six times, the picture being left in 
the water three minutes each time. 

Afterwards the pictures are placed on blotting-paper 
and suffered to dry; they can then be pasted upon card¬ 
board, thick paper, linen, glass, or wood. 

To many persons this process will appear only an 
agreeable pastime, but latterly it has gained an increas¬ 
ing importance as an aid in copying drawings, maps, 
plans, copper-plate impressions, and so forth. 
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This work of cop 7 ing, which used to cost the artisan 
and artist many hours of time and labour, and yet was 
after all inaccurate, can be accomplished with the least 
possible trouble by the help of the process described 
above. 

Let the reader imagine a drawing placed on a piece of 
sensitized paper and, after being firmly pressed by a 
glass plate, exposed to the light. The light penetrates 
through all the white spots of the drawing, and colours 
bro-svn those parts of the paper lying under them; whilst 
the black lines of the drawing keep back the light, and 
thus the underlying paper remains white in these places. 
Therefore, if sufficient time is given for the operation of 
the light, a wliite copy on a dark brown ground is ob¬ 
tained in this manner, which is fixed and washed exactly 
like the leaf-prints described above. This copy is reversed 
with reference to the original, like an object and its 
reflection in a mirror; in other respects it is a faithful 
representation, stroke for stroke. 

We give in Plate II. the copy of a woodcut struck 
off according to this method. This copy is but small, but 
the largest as well as the smallest drawing can be copied 
equally well; and copies of this Idnd, from drawings 
more than four feet square, are made in technical offices, 
in mines, and in machine manufactories. 

Large printing frames are used for this purpose, re¬ 
sembling in their construction the small frames above 
described; and large wooden dishes, covered with a coating 
of asphalt, are employed for fixing and washing the 
prints. This operation is called in practice the lichtpaus 
process. The black copy is called a negative picture, but 
a second white copy can be prepared from this by placing 
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the negative upon sensitized paper; then the light shines 
through all the white lines, and colours the paper lying 
under them of a dark hue, whilst it remains white under 
the dark places of the negative. In this manner a picture 
called a positive is produced, wMch perfectly resembles 
the original. The washing and fixing are carried out 
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just as with the negative. Fig. 9 represents a positive of 
this kind taken from the negative. Fig. 6. 

Thus the geographer is in a position to prepare quickly 
faithful copies of his sketches and maps, the engineer is 
able to copy the drawings of machines which are to serve 
for the workmen, and the student can copy illustrations 
of natural history which are to assist him in his studies. 
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In tlie process of copying, the sensitive paper must 
closely touch the original picture; it niu.st therefore be 
placed on the face of the picture. 

This process has aheady done good service in noilitary 
operations, where it was important to make quickly a 
copy of some map of wHch there was only one impres¬ 
sion If an attempt had been made to draw a copy of 
the map, it would have required several days to carry 
out, nor would the copy have been as correct as the 
print 

It is remarkable that this process, so important for 
industry, has only quite recently been known in its full 
value, although the experiments of Talbot have been 
before the world for more than thu’ty years. The expla¬ 
nation of this fact is, no doubt, to be found in the circum¬ 
stance that the paper prints were then far less distinct 
than now, being often rendered wortliless by spots and 
stains. Another reason is that the preparation of the 
paper requires especial care, and therefore frequently fails 
in the hands of the inexperienced; that is, of those who 
are not professional photographers. Further, the papers 
prepared according to the old method soon spoiled, and 
had on that account to be used immediately after their 
preparation. 

These disadvantages have been removed by the inven¬ 
tion of Eomain Talbot’s licUpaus paper, which is sold 
ready prepared, and can be kept for months; and by this 
means the process can be easily made available by every 
professional man and amateur. 
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CHAPTER IV. 

THE DEVELOPMENT OE MODEBN PHOTOGBAPHT. 

Talbot’s Paper Negatives—Photograpliy as an Art for Mnltipljing Copies 
—Services of Ni&poe de St. Victor—Wbite of Egg Negatives—Gtin~ 
cotton in Photograpliy—Collodion—Archer’s Negative Process— 
White of Egg Paper—Carte de Yisite—Photographic Album. 

The reader has learnt in the previous chapter what a 
negative is, and how by its means photographic copies of 
flat objects can be obtained. 

Talbot, the inventor of this paper process, carried out 
further researches, in the endeavour to represent on paper, 
by the help of the camera ohsema, objects which cannot 
he pressed upon sensitized paper; for example, a person 
or a landscape. 

He attained this object two years after Daguerre’s 
discovery, by means of paper prepared with iodide of 
silver.' 

He dipped paper in a solution of nitrate of silver, and 
then in a solution of iodide of potassium. He thus ob¬ 
tained a slightly sensitive paper, but one that could always 
he rendered very sensitive, by plunging it into a solution 
of gallate of silver.* 

* The nature of this peculiar process is explained further on. 
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When this paper was exposed to the light in the 
camera obscura, a picture was not at once formed—this 
was only clearly developed after lying some time in the 
dark, or by subsequent treatment with gallate of silver 
—^but it came out as a negative,’ and not as a positive. 
Thus, for example, in taking a portrait, the shirt appeared 
black, also the face; while the black coat, on the contrary, 
came out white. 

The picture was fixed by plunging it in a solution of 
hypo-sulphite of soda. 

The negative thus obtained is a picture on a plane 
surface of a solid object, and Talbot prepared positive 
pictures from negatives of this kind. 

He placed the negative upon a piece of sensitive paper 
prepared with chloride of silver, as described in the last 
chapter, and allowed the light to act upon it. This shone 
through the white places of the negative, and imparted 
a dark colour to those parts of the sensitive paper lying 
under them, while the dark places of the negative pro¬ 
tected the paper lying under them from the effects of the 
light. .Thus he obtained a positive picture from a nega¬ 
tive. He, could repeat the process as often as he pleased, 
and therefore was in a position to prepare, by the aid of 
light, many positives from a single negative. Photography 
was thus classed among the arts that multiply copies, aiid 
this circumstance, exercised an important result on its 
future development,^ 

Daguerre's method only gave a single picture at a 
time; if more were required, the 'person had to sit several 
times. In Talbots method a singly sitting sufidced to 
produce hundreds of pictures. 

It must be admitted that the eaiiiW pictures of the 
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Talbot process were not remarkably engaging. Every 
roTigliness of the paper and each small speck of dirt were 
imprinted on the positive, which could not be compared 
in point of delicacy with the fine daguerreotypes; but the 
method was soon improved. 

Niepce de St. Victor, nephew of Nicophore Niepce 
the friend of Daguerre, conceived the happy idea of 
substituting glass for paper in the preparation of the 
negative. He coated glass plates with a solution of 
albumen in which iodide of potassium was dissolved. 

A solution of this kind can be easily prepared by 
beating up white.of egg to the consistency of snow, and 
allowing it to settle. The glass plates, after being coated 
with this solution, were dried, and then dipped into a 
solution of nitrate of silver. Iodide of silver was formed 
in .this manner—the coating turned yellow, and became 
very sensitive to light. 

Nibpce put these glass plates in the place of the 
image in the camera obscura, and suffered the light to 
act upon it. 

No change was at first visible, but became clearly 
perceptible when the picture was immei'sed’ in a solution 
of gallic acid. Thus Nifepce obtained a negative on glass 
without the blemishes which appeared on the paper 
negatives. 

He prepared prints from this negative by exactly 
the same process that had been employed by Fox Talbot, 
and he obtained from the fine negative a correspondingly 
fine positive, which was much better calculated to bear a 
comparison with the productions of Daguerre. 

: 'Sifepce invented his method in 1847. It excited ninch 
attention, but had its drawbacks : the preparation of the 

D 
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albumen and tlie treatment with salts of silver and 
gallic acid was a dirty process. Therefore the method 
appeared to those who had been accustomed to the 
daguerreotype, dirty and unpleasant, and many were 
deterred from trying it. 

On the other hand, the advantages of the new process 
in multiplying prints were so evident that it could not be 
overlooked; therefore, even those who had an objection 
to soiling their fingers nevertheless zealously devoted 
themselves to the work. 

The readiness with which albumen decomposes was, 
however, a great disadvantage in the new process. They 
sought to avoid this by adopting a more durable sub¬ 
stance. 

This was afforded by the discovery of gun-cotton 
made by Schonbein and Bottcher in 1847. Schonbein 
found that ordinary cotton-wool dipped in a mixture of 
nitric and sulphuric acids assumes explosive properties 
similar to those of gunpowder. It was conceived that 
this substance would be an important substitute for 
gunpowder, but it was soon found that its explosive 
property was very unequal, being, sometimes too strong 
and at other times too weak. On the other hand, 
another very useful property of this substance was 
observed—its soluhility in a mixture of alcohol and 
ether. This solution leaves behind it a transparent 
membrane forming an excellent sticking-plaster for 
wounds. Thus the same substance that was destined to 
be a substitute for gunpowder, as a destructive agent for 
producing wounds, became actually a remedy for the 
latten This solution of gun-cotton was called collodion. 

The thought occurred to several photographic ex- 
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perimenters to try this substance instead of the white of 
egg, as a coating for glass plates; but the attempts did 
not at first lead to any satisfactory results. At length 
Archer published in England a full description of a 
collodion negative process surpassing in the beauty of its 
results, in simplicity and certainty, Niepce’s white of egg 
process. 

Archer coated glass plates with collodion, in which 
an iodide had been dissolved; he immersed this in a 
solution of nitrate of silver, and thus obtained a membrane 
of collodion impregnated with sensitive iodide of silver, 
which he then exposed in the camera. 

The invisible change produced by the light became 
visible on pouring gallic acid, or the still more powerful 
chemical agent, pyrogallic acid,over the plate; or,instead 
of this, a solution of proto-sulphate of iron. 

Yery delicate, clear negatives were'obtained by this 
process, which yielded much more beautiful paper prints 
than the original paper negatives of Talhot. A very 
essential improvement was vsubsequently made in the 
preparation of photographic paper by coating it with white 
of egg, according to the process of Niepce de St. Victor. 
This gave it a brilliant surface, and a warmer and more 
beautiful tone to the prints upon it, giving the pictures 
a brighter appearance than those produced upon the 
ordinary paper. 

Thus Talbot’s process, which at first seemed hardly 
worth notice compared with that of Daguerre, was 
gradually so perfected by successive improvements, that 
it ultimately took precedence of Daguerre’s. After 1853, 
paper pictures from collodion negatives came more and 
more into vogue, whilst the demand for daguerreotypes 
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fell off, and the production of the latter soon ceased 
altogether, except in some few places in America. 

The collodion process is now the one universally 
employed. It acquired an immense impetus through the 
introduction of cartes de visite. These small portraits, 
which axe intended to he given away, and therefore had 
to he produced in large numbers, were invented in 1858 
by Disderi., the court photographer of the Emperor 
Napoleon, and obtained so great a success that they were 
immediately introduced into all circles, and soon became 
a necessity for everybody. The moderate price at which 
these portraits were sold made them attractive to the 
smallest purses, and the general public crowded to the 
ateliers, the number of which increased daily. 

The old-fashioned album, the favourite souvenir of 
young people, was now superseded by the carte de visite, 
and the portraits of friends were substituted for their 
written words. A photographic album is now found in 
every home; and in Berlin alone there are at present 
more than ten photographic album manufactories, from 
whence they are exported to all parts of the world. 
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CHAPTER V. 

THE NEGATIVE PROCESS. 

Tlie Dark I^oom—Chemically Inactiye Light—Cleaning the Plate— 
Application of Collodion—Sensitizing—The Camera—The Arrange¬ 
ment of the Object—The Exposure to Light—The Development— 
Intensifying—^Fixing—arnishing. 

IiT the previous chapters we have dwelt ou the develop- 
ment of photography, and we are now able to feel at 
home in the studio of a photographer. His whole busi¬ 
ness depends on the chemical action of light,—^and yet 
the scene of his principal activity is not the iUuminated 
studio, but a dungeon, in which the deepest night pre¬ 
vails, and which is called the dark room. The sensitized 
plate, which has to he exposed to the light, and to 
respond to its most delicate operations, must he prepared 
in darkness, in the dark room. This space, surrounded 
■by bottles and pots, and crammed with instruments, is the 
narrow world of the photographer, out of which he issues 
only for a few minutes into the light of his studio, to 
return directly with his exposed plate, and to subject this 
to various chemical operations. 

Many persons believe that the opening and shutting 
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of the cap—the cover of the lens of the apparatus, falsely 
called the machine—is the cMef work of the photo¬ 
grapher. Nay, it is related of a certain queen, that she 
th i nks she is photographing, when she has all the neces¬ 
sary apparatus brought and prepared, and then, when all 
is ready for the result, opens and shuts the cover of the 
lens—a work that a child of five could do equally well. 
But this operation is only one in a great chain of twenty- 
eight operations, which each plate must undergo to 
produce even a negative, while at least eight further 
operations are required to prepare a positive from this 
negative. 

Let us look a little closer at these operations. The 
appeaa-ance of a dark room is by no means inviting. 
Even where the greatest order prevails, drops of silver 
solution scattered about produce black spots here and 
there. To this must be added a permanent odour of 
ether from the evaporation of the collodion, and an un¬ 
avoidable dampness from the necessary washing of the 
plates,—and all this is seen in the hazy light of a gas or 
lietroleum lamp provided with a yellow shade, or of a 
small window fitted with a glass of a similar colour. 

The remark must here be made at the outset, that 
the dark room of the photographer is not really com¬ 
pletely dark. The daylight only must be excluded from 
certain operations; but the yellow light of the lamp is 
innocuous. 

From this we leam the important distinction between 
light chemically active, and light chemically inactive. 
The light of the sun and of the blue heavens, the 
electric and magnesium light, are chemically very 
active, the light from gas or petroleum very slightly so; 
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whilst the yellow light of a spirit lamp, whose wick has 
been rubbed with common salt, is entirely inactive. The 
active light of day, furthermore, can be rendered inopera- 
tive if allowed to pass through a yellow or, better still, 
a reddish-yellow glass. The light, therefore, that falls 
through the yellow window of a dark room is chemically 
inactive, or in so slight a degree active that it no longer 
causes any disturbing effect. It is remarkable that yellow 
light, which affects our eyes so powerfully, should have 
no action on the photographic plate. Up to the present 
time no satisfactory explanation of this fact has been 
given. It has its disadvantages in practical photography; 
for example, a yeUow garment, a yellow complexion, 
yellow spots—such as freckles—appear almost black in 
the picture. Nevertheless, these disadvantages can he 
obviated by retouching the negative as described at a 
future page. On the other hand, this property of yellow 
light has also its advantages for the photographer. It 
permits him to prepare the sensitive plates in a light 
which does not injure them, and yet enables him to 
control the work. If the plates were sensitive to aU 
kinds of light, it would be necessary to prepare them in 
absolute darkness, which would be very inconvenient. 

The first operation required in preparing a sensitive 
plate—an operation which requires great care—^is the 
cleaning of the glass. The plates, after being cut by the 
diamond, are placed some hours in nitric acid, which 
destroys aU impurities adhering to the surface. The 
acid is removed by washing, and the plate is then 
dried with a clean cloth. To the uninitiated it would 
then appear perfectly clean, but the photographer subjects 
it to further polishing, by rubbing with a few drops 
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of spirits of wine; or, still better, of ammonia. The 
slightest touch with the finger or rub of the sleeve, the 
smallest drop of saliva which might chance to escape 
from the mouth in coughing, would spoil the polished' 
surface; nay, even the atmospheric air produces with 
time the same efiect. If a cleaned plate is left only 
twenty-four hours in the air, it gradually condenses 
vapours on its surface, and another cleansing is rendered 
'necessary. 

The cleaned glass is then coated with collodion. The 
coUodion itself is, as we know, a solution of gun-cotton 
in a mixture of alcohol and ether, in which certain iodides 
and bromides—for instance, iodide of potassium and 
bromide of cadmium—have been dissolved. This solu¬ 
tion must also be prepared with the greatest attention to 
cleanliness; thus the purity of the materials employed is 
of the greatest importance. The solution must be allowed 
to stand a long time, and carefully poured oii' from any 
sediment. The coating of a plate with collodion req[uires 
a certain manual dexterity, and only succeeds with those 
who have witnessed the process and after some practice. 

It is usual to hold the plate horizontally by one corner 
and to pour over the centre of it a pool of the thick fluid, 
and then to allow this to flow to all of the four corners 
by a gentle inclination of the plate, ultimately pouring 
off the superfluous fluid at one of the corners. 

A considerable part of the fluid originally poured 
upon it remains, and adheres to the plate. 

Whilst pouring off the excess of collodion streaks are 
liable to be formed, which would spoil the picture; to 
avoid this the plate, whilst being drained, must be con¬ 
stantly kept in motion until the last drop has run off. 
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The fluid stiffens into a soft, moist, spongy film. At tins 
moment the plate must at once he immersed in the solu¬ 
tion of nitrate of silver (called the silver hath). 

And now a peculiar action of the fluids takes place, 
for the ether in the collodion film repels like fat the 
aqueous solution of silver, and a steady movement of the 
plate in the hath is necessary in order to make the solu¬ 
tion adhere to the film. 

This mechanical operation is accompanied simulta¬ 
neously hy a chemical change. The iodides and bromides 
in the film undergo a double decomposition with the 
nitrate of silver of the bath, with formation of iodide and 
bromide of silver and nitrates of the metals previously 
combined with the iodine and bromine. The iodide and 
bromide of silver colour the film yeflow; and now the 
plate is ready to receive the picture to be painted by the 
light. 

All these operations must precede the taking the 
photograph, and they are begun, in fact, at the moment 
when the person enters the studio, and with proper 
management the plate is prepared before the ari*angement 
of the object is concluded. 

This arrangement is a labour of itself; and it is of 
a genuinely artistic nature. The points to which the 
photographer has to attend include a natural and yet 
graceful attitude of the original; the choice of the side 
which presents the most advantageous aspect; the 
picturesque arrangement of the dress; the removal of 
inappropriate objects which ought not to appear in the 
picture;' the addition of those that are suitable, such as a 
table, a cabinet, or a background; lastly, an appropriate 
direction of the light. Only a few minutes can he devoted 
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to these arrangements, for people dislike long delays or 
experiments; and the plate itself only remains sensitive 
a short time, for it is wet with the adhering solution of 
silver, which soon dries np, and the plate is then useless. 

When the exposure has been aecomplished—during 
which the person being photographed must remain per¬ 
fectly motionless—the sensitive plate is brought back into 
the dark chamber. 

For the purpose of transporting the plate, which must 
of course be guarded very carefully from the daylight, 
the photographer employs a flat case or frame (Fig. 10), 
called the dark slide. At the hack of this slide is a 
door D opening upon hinges, and in front there is a 
sliding shutter H. In the corners are fixed four silver 
wires d, d, d, d, upon which the plate rests with its pre¬ 
pared side downwards, being held steadily in its place by 
a spring //, fastened to the door D. The plate is carried 
in the dark slide to the camera and substituted for the 
movable ground-glass screen upon which the image of 
the object has been previously focused. After the ex¬ 
posure the dark slide is removed from the camera and 
taken hack to the dark room. 

And now follows one of the most important operations, 
the development of the picture. Upon the plate there is 
as yet no trace of a picture visible. The action of the 
light produces a peculiar change of the iodide of silver 
which forms the important constituent of the film; this 
iodide acquires through the light the property of attract¬ 
ing silver, if this is precipitated on the film; this pre¬ 
cipitate is produced by the following operation. If a 
silver solution is mixed with a very dilute solution of 
proto-sulphate of iron, there results hy slow degrees a 
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precipitate of metallic silver—not, however, as a shining 
mass, hut as a grey powder. Now, a small quantity of the 
nitrate of silver solution from the bath always adheres to 
the film. If therefore a solution of proto-sulphate of iron 
is poured upon it, a silver precipitate is formed, and the 
picture suddenly makes its appearance, owing to the 
silver adhering to those parts affected by the light. 

The features of a portrait that are first visible are the 
lightest—the shirt, then the face, and lastly the black 



coat/ The negative thus obtained, however, is by no 
means completed by this operation. 

The pieture is usually too transp)arent to answer for 
the production of paper print>s; for tlie preparation of 
such a print depends upon the light sliining through the 
transparent places of the negative, and colouring dark 
the paper beneath, while it fails to panietratc the parts 
which have to remain wliite, Tlie opacpie and trans¬ 
parent parts of the negative must be in Bufiicient con¬ 
trast with each other to produce this efibet 
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The negative must, therefore, he more strongly 
defined; and this is produced hy repeating the develop¬ 
ing process. A mixture of solutions of green vitriol and 
of nitrate of silver is poured upon the picture, a silver 
precipitate is again formed on it, which adheres only to the 
dark parts of the negative, giving them a greater density. 
If the plate is not perfectly clean, silver is precipitated, in 
the processes of developing and intensifying, upon the 
dirt stains and produces spots. After the further develop¬ 
ment of the picture, or the so-called intensifying process, 
has been completed, it is only necessary to remove the 
iodide of silver, which diminishes the transparency of the 
clear parts of the plate. For this purpose a solution of 
hypo-sulphite of soda is poured on the plate. This salt 
has the property of dissolving salts of silver, which are 
insoluble in water, so that the iodide of silver vanishes 
under the influence of this solution. This is the fixing 
process. Lastly, the plate is washed and dried. 

If it be home in mind that all these different opera¬ 
tions are performed on a film liable to be injured by the 
slightest touch, it is not to be wondered at that the 
inexperienced beginner destroys so many coatings before 
he can prepare a perfect one. 

Even when dried, the picture is very liable to injury; 
and therefore photographers, in order to protect it, cover 
it with a varnish, that is, with a solution of a resin, such 
as shellac or sandarach, in spirits of wine. The fragile 
glas| negative is therewith brought to completion. 

This sketch of the operations which a photographer is 
obliged to carry out in order to produce a negative, is 
sufficient to show that photography is a more difficult art 
than some persons imagine, and that it requires something 
more than the opening and shutting of a lid. 
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The chief requisite for the success of these operations 
is routine; accuracy is only attained in practising each 
part of the process. Faults that are maide in any single 
operation are, as a general rule, irremediable; and there¬ 
fore it is absolutely essential to avoid them. 
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CHAPTER VI. 

THE POSITIVE PROCESS. 


Character of the Kegative—Depai'tare from Natiire—Ketouching the 
Negative—Preparation of Sensitive Paper—Printing—Toning with 
Chloride of Gold—Fixing—Cause of Fading—Quantity of Silver in 
the Picture-Vignetting. 

In the preceding chapter we have become acquainted 
with the preparation of a negative. However interesting 
such a negative might be, nevertheless, it would not 
satisfy the purchaser of a portrait, since it shows every¬ 
thing reversed. The white face is black, and the black 
coat, white. No one would hang up on his wall a picture 
representing him as a Moor. It is therefore necessary to 
obtain a positive impression from this negative. We 
have already learnt how this is effected in the chapter 
on the licht'paus process. It is the old Talbot method 
that is here employed. But we must still mention certain 
operations which have become very important in modern 
photography. 

The camera, the negative process, and the photo¬ 
grapher who knows how to (manipulate intelligently, no 
doubt produce a negative which, laid over sensitive paper 
and exposed to the light, yields a positive; but although 
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this positive is very faithful in the, delineation of figures 
^that is, of their outline—it yet presents marked depar¬ 
tures from nature. Thus the relations of light and shade 
are by no means correctly given. In general the light 
parts appear too light, the dark parts too dark—as, 
for example, the folds in a dress, the skin, and, moreover, 
the shadows under the eyes and chin. When photo¬ 
graphers knew nothing of art, these defects were taken as 
a matter of course. People protested that photography 
was correct because nature, through photography, was 
herself the artist. But in this conclusion the co-opera¬ 
tion of the photographer was overlooked. 

No douht nature, that is, the object to be taken, makes 
the impression upon the plate, by the light radiating 
from it; but an impression of light is not a picture—it is 
indeed, of itself, invisible; nay, more, the strength of the 
impression of light is entirely at the discretion of the 
photographer, who can make it weak or intense by a 
shorter or longer exposure. There is no rule which 
determines the length of time a photogiuph has to be 
exposed to the light. 

The fact is that nature, probably speaking, only 
determines the outline of the picture, while the relations 
of light and shade depend partly on nature, and partly on 
the will of the photographer. 

The impression made by the light must be developed 
to be visible, and finally the developed picture must be 
intensified. By this means the photographer can at his 
option increase, and even exaggerate, the contrasts of 
light and shade. 

If the negative is carefully compared with the original, 
we shall find that many dark parts have not appeared at 
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all, because the exposure was too short for them to produce 
an'impression upon the plate ; others have appeared, but 
too faintly. On the other hand, very light parts—for 
instance, the shirt-collar—are too apparent, and the 
needlework upon it is invisible because the time of ex¬ 
posure was too long. In the case of long exposures it is 
often remarked that bright parts differing little in colour 
are entirely confused and form a single wdiite patch. 

Moreover, the accessories which a painter would un¬ 
doubtedly omit, such as warts, pockmarks, little hairs, 
are all as clearly defined as the principal features; and 
thus the negative is neither a correct nor an agreeable 
repetition of the reality, but produces in the positive a 
picture which shows considerable departure from nature, 
and is often inaccurate by giving too much prominence to 
accessories. 

In the first period of photogTaphy these departures 
were overlooked. Every one was content to possess a 
portrait which at least showed the outlines correctly ; 
and what was defective in the negative it was sought to 
remedy by retouching the positive. But this made the 
pictures dear; and as it began to be the custom to order 
pictures by the dozen, the endeavour was made to evade 
this labour, which had to be applied to each individual 
picture, by carrying it out in the negative. 

A single retouched negative gave any number of 
corrected prints which did not require to be retouched, 
and thus retouching negatives became the first and most 
important operation in producing a faithful and agreeable 
picture. The essential characteristic of this opei*ation 
consists in entirely covering many parts. For example, 
the freckles and warts which are white in the nejxative 
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are entirely removed by a pencil, or by spots of Indian 
ink. Other parts—for example, the ill-defined details of 
the hair—are brought out by pencil strokes. Many hai-d 
shadows, such as the wrinkles in the face, are softened off 
by slight touches of Indian ink. It must be constantly 
borne in mind during this operation that all the dark 
lines whicli the painter draws on the negative will appear 
light in the positive. 

It is requisite, therefore, for successful retouching, to 
know how to use the pencil and brush so as to produce 
the desired effect in the positive. The best draughtsman 
or painter is therefore far from being qualified for re- 
touching a negative. , 

It is to be remarked that the negative retouch may, 
under certain circumstances, go too far. By covering 
every wrinkle an old face can be made young; an ugly 
original can be beautified by cutting away a hump on the 
back, or other abnormal growths; and these tricks are 
often put into requisition for the vanity of sitters, and are 
dearly paid for. 

Plate VI. represents two portraits of the same person, 
one from a retouched negative, the other from a nega¬ 
tive that had not been retouched. The spots on the 
skin and the dark shadows, on the picture which is not 
retouched, are clearly to be seen, while in the retouched 
one they are not visible. 

In many cases retouching is employed simply to 
satisfy human vanity, but this is by no means always 
the case. 

As already explained, photography does not always 
represent the natiiral colours co.rrectly. Yellow often 
becomes black, and blue, white. For this reason photo- 

E 
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graphs of paintings frequently fail to give the various 
tones of the original. This fault may be in some degree 
corrected by retouching the negative, and it is owing to 
this alone that photogi'aphs of oil paintings have attained 
their present perfection. We will treat of this subject in 
a future chapter. Let us consider the preparation of a 
positive picture. 

The first operation is the preparation of the sensitive 

paper. A piece of paper 
coated with white of egg 
and moistened with a solu¬ 
tion of common salt is laid 
in a dish on a solution 
of nitrate of silver, and 
allowed to remain for about 
a minute. The solution is 
absorbed by the floating 
paper, and chloride of silver 
is formed by double decomposition of the nitrate of 
silver with the common salt. 

The wet paper is but slightly sensitive; it becomes 
fully sensitive only after being dried. The dry paper, 
saturated with chloride and nitrate of silver, is then 
pressed upon the negative in the printing frame (Fig. 11), 
which is similar to the one described. Then the whole 
is exposed to the light. The same process ensues which 
we have described in the chapter on licJitpaus paper; 
the light shines through the clear places of the negative 
and colours the paper lying under them dark, the 
paper under the dark places of the negative remains 
white, while it assumes a slight colour under the half¬ 
tones. In this mamier a faithful positive copy of the 
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negative' is produced, presenting a beautiful violet-brown 
tint. We know from the description of the Uchtpaus 
process, tlrat this print would not remain unaltered in 
the light for long, because the paper is still sensitive to 
light. Tire salts of silver contained in it must be removed 
if the impression is to be made lasting. To this end a solu¬ 
tion of hypo-sulphite of soda is employed. If the prints 
be immersed in this solution, they become durable in the 
light; but, unfortunately, they suffer a peculiar change 
of colour, assuming an ugly brown tint. This tint is of 
no consequence in technical and scientific pictures, but 
detracts greatly from portraits and landscapes; and in 
order to give these a more agreeable tint, before fixing 
them, they are immersed in a dilute solution of chloride 
of gold. This process is called toning. 

In this operation gold is precipitated on the picture, 
giving it a bluish shade; and now the tone of the picture 
is not essentially altered by hypo-sulphite of soda. 

The picture thus produced consists partly of gold, 
partly of silver, in a finely divided state, and only requires 
to be thoroughly washed in order to become perfectly 
permanent. If this washing is omitted, small particles 
of hypo-sulphite remain behind, which decompose and 
form on the picture yellow sulphide of silver. This 
accounts for the circumstance that tile pictures of an 
earlier period, when from ignorance of this fact this 
thorough washing was neglected, so often became faded 
and yellow. 

It is surprising what a small amount of silver and 
gold is required to give an intense colour to a whole 
sheet of paper. For in a sheet of perfectly blackened 
paper 44 x 47 centimetres there is only ,015 gramme 
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of silver, and in a photogi’aph of the same size only 0*075 
^'amme j in a carte de visite but 0*002 gramine. 

It must he here remarked that prints bleach a little 
in the fixing process; and hence the photogTapher usually 
lets the prints become darker than they are to remain. 
Thus even the printing process requires a practised eye, 
simple as it may appear. 

In certain cases tricks of art are employed to produce 
agreeable effects, and among these is tiiat of vignetting. 
Our readers are no doubt well acquainted with portraits 
on a white ground, the outlines of which gradually 
become confounded with the ground tint of the picture. 
This effect is produced in a very simple manner by 
placing what is called a mask over the copying frame. 
This mask is a piece of metal or cardboard (Fig. 12) in 
which an oval hole h is cut. This is placed on the print¬ 
ing frame K K, so that the part of the negative which is 
to be printed lies perpendicularly under it. This part is 





Pig. 12. 


then acted upon by the broad perpendicular bundles of 
light S S, and intensely coloured, while the marginal 
parte lying under the mask are affected only by the 
narrow slanting pencils S' S\ and therefore are coloured 
less intensely in proportion to their distance from the 
hole of the mask. Thus a gently vanishing mai’gin is 
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produced, looking very artistic, and yet only the result 
of a very simple trick of art. 

The picture produced in the manner described above 
only requires some preparation to be an elegant drawing¬ 
room ornament It is cut in a regular shape, square or 
oval, and fastened with clean paste to white cardboai'd; 
after drying, any slight blemishes are removed with the 
paint brush, and finally its surface is rendered glossy by 
two polished steel rollers. 

Certain sizes have been adopted by the public, such 
as the “ carte de visite” and “ cabinet ” sizes. The former 
is rather larger than an ordinary visiting card. The 
latter is two and a-half times as large. 

The carte de visite, introdufeed at Paris by Disderi 
in 1858, speedily secured admirers, and has spread over 
the whole earth. Even Chinese photographers have 
adopted the carte de visite form. 

The carte de visite, and the cabinet size—^which was 
first introduced in England, and is a great favourite in 
America—are not confined to portraits, but also employed 
for landscapes and photographs taken from oil .paintings. 
Millions of these pictm’es are sold every year, and a 
properly arranged album for preserving them is found 
in almost every family. 

Photography admits of such small pictures because of 
its fine details, but it is by no means confined to them. 
Surfaces on which life-size portraits may he taken can be 
employed. The production of the latter necessitates a 
peculiar process, called the enlarging process, which will 
be treated of at a futui'e page. 
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CHAPTER YIL 

LIGHT AS A CHEMICAL AGENT. 

Theory of Photography—Nature of Light—IJudulatory Theory—^Action 
of Light on Realgar—Chemical Decomposition by Light—Colours 
and Tones—Their Vibrations—Refraction—Dispersion—.The Spec¬ 
trum—Lines of the Spectrum—Invisible Rays—Photographs of 
Moonlit Landscapes—Abnormal Photographic Effect of Colours— 
Photography of the Invisible. 

“ Ghet is aE theoiy, and green life’s golden tree,” says 
Goethe. This saying has often been misunderstood and 
misused, especially hy those too lazy to think; hut, 
faithful to its true meaning, we have first treated of a 
multitude of facts from life—that is, from the history 
and practice of photography,—and now we proceed to 
describe, hy the help of science, how and why, not the 
golden hut the silver tree of photography grows, blooms, 
and bears such splendid fruit. 

Two sciences join hand to accomplish the wonders of 
photography. One is Optics, a division of Physics, and 
the other Chemistry, We have already shown that they 
alone are inadequate to fulfil the requirements of photo¬ 
graphy. ,(Esthetical claims have to he considered; and 
thus photography unites in itself the provinces of natural 
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science and of the fine arts which seem remote and 
incapable of tinion. We shall consider first the principles 
of optics—that is, light—as the force -which occasions 
the chemical changes in photography. We shall see that 
its chemical operations have not only become the basis 
of otir art, but that they have played, and still play, a 
much more important part in the development of our 
j)lanet. 

We are aware of the existence of sun, moon, and 
planets. We know their distance; nay mox'e, we know 
their elements, though we are separated from them by 
millions of miles. 

We are indebted for all this knowledge to light. 
What is light ? A wave motion of ether. And what is 
ether? An infinitely delicate fluid, which fills all the 
space of the universe, and which, like all fluids, may be 
set in undulation. If we throw a stone 
into water, waves are produced-—^that 
is, circles or rings of hills and valleys, 
are formed, which appear to widen out 
from a centre, and as they extend 
become graduaUy less, until they finally 
disappear. If several stones are thrown 
at the same time into the water, each 
of them forms its own system of waves. 

These intersect each other in the most intricate manner; 
and, although an apparent confusion of rings takes place, 
it is wonderful that none of them disturbs the other, and 
that each circle widens out regularly from its own centre, 
where the stone fell into the water. 

If a handful of sand, which contains many thousand 
gnains, is thrown into water, and if the attention be 
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directed to tlie imdulations of a single grain, it will 
be remarked that this one, without being affected by 
tlie countless other waves, widens out in a regular 
circle. 

These undulations are one of the most remarkable 
movements in nature, taking place not only in water, 
but ill the air, where they occasion the propagation of 
soimd, 

The peculiar feature of the undulatory nioveinent 
consists in the fluid appearing to advance without really 
doing so. If, sitting on the side of a sheet of water, we 
see an undulation approach, it appears exactly as if the 
paiticles of water were approaching us from the origin 
of tlie movement. 

It is easy to prove tliat tliis is an error by throwing 
sawdust or a piece of wood into the water. It dances up 
and down upon the ripples witliout moving from the 
spot Indeed, the undulation is itself only an up and 
down motion of the particles of the water, and this 
movement is communicated further and further to the 
neighbouring particles. 

Exactly in the same manner light spreads in undula¬ 
tions from a luminous body through the ether of space 
in all directions. The direction of the undulation 
we call a ray of light. We perceive it as soon as it 
reaches our eye, because the vibrating ether strikes our 
retina. 

Now, we know that the undulations of sound are able 
to set other bodies in motion, If the A. string of a violin 
is struck, the A string of a piano standing near sounds 
distinctly mth it. Nay, even if the damper of a piano 
is raised and any note be sung, instantly the string of 
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tlie piano sounds which has the same tone. The same 
thing happens with a glass bell of the same tone. There 
are people even who can break a glass by a shrill tone of 
their voice. The glass is so shaken by the violent undu¬ 
lations communicated to it by the air, that it falls to 
pieces. Under such circumstances, it need not surprise 
ns that the undulations of light agitate bodies so forcibly 
that they fall to pieces. 

Kealgar offers the most remarkable example of this 
kind. This is a beautiful mineral of a ruby red colour, 
in the form of splendid crystals composed of sulphur and 
arsenic. If a crystal of this kind be exposed for months 
to the hght, it falls into powder; and in this way many 
very fine pieces of this beautiful mineral have been lost 
in the mineralogical museum of Berlin. 

This is only a mechanical, and not a chemical, opera¬ 
tion of light; but it gives an insight into its chemical 
action. Heat occasions chemical decomposition by ex¬ 
panding bodies, and thereby removing their atoms so far 
apart that the chemical power which unites them loses 
effect, and the component parts separate. Thus oxide 
of mercury is by heat resolved into its constituent parts, 
mercury and oxygen. 

Decomposition is effected by light when the atoms of 
a body are agitated by its undulations, that is to say, are 
made to vibrate; and if these vibrations are unequal, a 
separation of the parts takes place, and the body falls to 
pieces. 

Light waves are not a fiction. Hot only has their 
existence been ascertained, but their size has been deter¬ 
mined. The latter is extremely minute, hut nevertheless 
is susceptible of measurement. 
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The waves of sound and the waves of light have 
therefore a certain analogy; and as there are different 
notes in musiC; so are there different colours in light. 
The number of notes is gxeat. The simplest piano now 
has nine octaves, and there are other tones below and 
above these. But the number of colours is small; only 
seven of them can be distinguished—red, orange, yellow; 
green, blue, dark blue, and violet,—the well-known 
colours of the rainbow. The painter, indeed, contents 
himself with three ground tints—yellow, blue, and red. 
All the others are the result of their mixture; and the 
large scale of colour of the painter consists not of simple 
tones of colour, but of what may be called chords of 
colour. 

The deep tones of music are caused by few undula¬ 
tions, the higher tones by more. For example, an a 
string makes 420 vibrations in a second, the a an octave 
lower makes 210, the great A 105. 

In light, red is the colour which gives the fewest 
vibrations; it is the lowest tone in colours, and violet is 
the highest, giving vibrations nearly twice as rapid as 
red. With regard to tones, we know that they all spread 
with equal rapidity in the air; if this were not the case, 
a piece of music would be heard in the distance as a 
most disagreeable discord. 

It is the same in the kingdom of light—the colours, 
without exception, are propagated through the ether 
with equal rapidity, the red as fast as the violet. But, 
whilst sound passes over only 1100 feet in the second, 
light traverses 190,000 miles in the same time, and 
the deepest colour-tone—red—makes in a second 420 
billion of vibrations; that is to say, a million times 
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a million as many as the tone -which is marked in music 
■with a bar over the a,* that is, 


— 

9 - 



jT 


S 

u. 




The small number of the colour-tones compared with 
the large number of musical tones is very striking. But 
the fact is, that, besides the seven visible colours, there 
exist invisible tones, which are b 9 th deeper and higher 
than the visible colours. 

These invisible colour-tones are partly disclosed by 
the thermometer, which reveals the lower tones, and 
partly by substances sensitive to light. For it is remark¬ 
able that the colour-tones, which are higher than the 
violet, though invisible, have a powerful chemical effect. 

We name the invisible tones of colour above violet, 
ultra-violet, and those below red, ultra-red. 

In the common white light all the tones of colour are 
found together, and in combination they produce the 
effect of whiteness ; but if we wish to examine the tones 
of colour separately, we must part them, and this may be 
done hy the help of a prism. 

Any polished crown-glass prism causes flames seen 
through it to appear like a rainbow containing the 
primitive colours we have named above. This separation 
of the colours in the prism takes place by refraction. 

If a ray of light passes from one transparent mediiun 

* We may liei'e remarlc tlmt tlie tone a is not eyerywliere the same. 
The a of the Berlin Opera is the highest j it has 437 vibrations,—the 
Italian Opera at Paris only, on the contrary, 424 vibrations. We have 
adopted for the sake of simpliciry a round number, 420 . 
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to another, it is deflected from its rectilinear direction, 
and this deflection is named refraction. 

For example, if the ray a n (Fig. 14) strikes a surface 
of water, it does not continue in its original direction a n, 
but in the direction n K If through the point n, where 
the ray strikes the water, a perpendicular line cl f he 
drawn, the nile is that when a ray passes from a thinner 
medium (for example, air) into a denser one, it approaches 
the peipendicular, for n bis evidently nearer to the clf 
than n a. On the other hand, when a ray passes from a 
denser to a thinner medium,—for instance, from glass 
into air,—then the ray oi h departs from 

-\ ^ the perpendicular m d; that is, the 

/ A*, _ angle which the ray makes with the 

( \ perpendicular after refraction is 

greater than the angle which it makes 
with it before. 

Now, it is a remarkable fact that 
different colours is refracted 
Fig. 14. unequally. 

If a bundle of rays of white sunlight is suffered to fall 
on a piece of glass, the violet rays are deflected more 
than the blue rays, tbe blue more than the green, yellow, 
and red; and tbe result of this is that the white bundle 
is decomposed into a rainbow-coloured fan, violet, indigo, 
blue, green, yellow, orange, and red. 

This phenomenon is the cause of the rainbow. If a 
ray. a falls on a drop of water (Fig. 16), it is refracted 
and at the same time divided into a coloured fan, which 
is reflected from the back of the drop, suffers again 
refraction and dispersion at 6, and issues as a broad 
bundle of colour. In open daylight this cannot be clearly 
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ssen, because our eyes are dazzled by the bright light, 
la order to observe the pure colours of the spectrum, 
it is best to produce it in a darkened room, in ivhich 
the light is allowed to enter only through a small slit 
(6 Fig. 16). 

When a prism 8 is placed 
behind the slit, a pure spectrum 
appears upon the opposite wall. 

If the slit is sufficiently narrow, 
a series of dark lines may be 
observed within the spectrum, at 
right angles to it. 

These lines were first seen by 
Wollaston, and studied more exactly by the celebrated 
optician Frauenhofer, and called after him Frauenhofer’s 
Imes. 

The lines are always 
found in the same posi¬ 
tion, so that they can 
be considered as natural 
music lines, upon which 
the scale of colour is 
written; and as the 
music lines serve for 
the recognition of the 
musical notes, so do the 
lines of the spectrum indicate fixed points in the scale 

of colour. 

If we were to speak of the green of the spectrum, this 
would be a very vague designation; whereas by mentioning 
a line of the spectrum in the green, the part of spectrum 
is at once characterized. For this purpose Frauenhofer 




Kg. 15. 
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gave the most characteristic line>s names, the letters of 
the alphabet; a certain line in the red he called A, 
another in the yellow D, one in the violet H, and H'. As 
the number of lines reaches several thousand, these 
letters do not suffice to indicate them all. (See Fig. 17.) 

The lines thus named are found in sunlight; the 
light of other stars commonly shows other lines. The 
light from artificial sources does not show dark, but 
bright lines; a flame coloured yellow with common salt 
showSj for example, a very characteristic line in the 
yellow; a burning magnesium wire shows several blue 
and green lines. 

The situation of these lines agrees exactly with that 
of certain dark lines in the spectrum. For example, the 
yellow line in a flame coloured with common salt exactly 
coincides with the line D in the spectrum. The green 
lines in a flame of magnesium coincide exactly with lines 
E and h in the spectrum. 

ABC D Bh F a H 

I II 

E(f. 17. 

Tliis remarkable coincidence led to the surmise that 
the lines in the sun’s solar spectrum might owe their 
existence to the same substances that produced the 
coinciding bright lines ia flames. Kirchhoff converted 
this surmise into a certainty, and -was thus able to 
determine from the lines in the solar spectrum the sub¬ 
stances present in the sun, and thus to demonstrate the 
chemical composition of a star distant more thfi.-n 20 
millions of miles (spectrum analysis). 
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But the spectrum contains still other -wonders, which 
cannot he discerned by the human eye, but by the 
photographic plate. 

If a sensitive plate be exposed to the action of the 
spectrum, it is observed that the red and yellow rays 
have scarcely any action, whilst that of the green is but 
very weak Light blue produces more effect, dark indigo 
and violet the most ; and in the space where no rays can 
be perceived by our eyes, a distinct action is produced, 
and extends beyond the violet for a space almost as long 
as the whole visible spectrum. 

From this fact the existence of the ultra-violet rays 
was ascertained. The retina of our eye and the photo¬ 
graphic plate possess an entirely different sensitiveness. 
Our eye is affected most powerfully by yellow and green 
light These colours appear to us the brightest, while 
the photographic plate is not at all affected by them; on 
the other hand, indigo and violet rays, which appear dark 
to our eye, and even rays which to our eyes are invisible, 
produce a powerful action on the plate. 

It is natural, therefore, that photography should 
represent many objects in a false light. Further back 
we called attention to the fact that photography is much 
less sensitive than the human eye to feebly lighted 
objects. This is most clearly seen in the fact that the 
eye can easily perceive objects by moonlight, which is 
200,000 times weaker than that of the sun; whereas the 
photographic plate is not able to produce any picture of a 
moonlit landscape. The photographic landscapes by 
moonlight sometimes offered for sale have been taken in 
the daylight and copied very darkly, so that they 
produce the effect of moonlight. These pictures are very 
popular at Venice. 
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This small sensitiveness of the photographic plate to 
feeble light explains the reason why shadows are gene¬ 
rally too dark in photographs. To these defects must be 
added the false action of light,—blue generally appears 
light, yellow and red, black. Y ellow freckles appear there¬ 
fore in a picture as black spots, and a blue coat becomes 
perfectly white. Blue (and therefore dark) dowers on a 
yellow ground produce, in photography, light dowers on 
a dark ground. Bed and also fair golden hair becomes 
black. Even a very slight yellow shade has an un¬ 
favourable effect. A photograph from a drawing is often 
blemished by little iron-mould specks in the paper 
invfeible to the eye. These specks frequently appear 
as black points. There are faces with little yellow 
specks that do not strike the eye, but which come 
out very dark in photography. A few years ago a lady 
was photographed at Berlin, whose face had never pre¬ 
sented specks in a photogTaph. To the surprise of the 
photographer, on taking her portrait specks appeared 
that were invisible in the original. A day later the lady 
sickened of the small-pox, and the specks at drst in¬ 
visible to the eye, became then quite apparent. Photo¬ 
graphy in this.case had detected before the human eye 
the pock-marks, which were, doubtlessly, slightly yellow. 

In the photographs of paintings, such abnormal action 
of colour becomes still more evident, and can only be 
removed by appropriate retouching. 

It is proper to observe, however, that by no means 
all shades of blue become light in photography. For 
example, indigo forms an exception, appearing as dark 
as in nature; this is shown in the photographs of the 
uniforms of Prussian soldiers. ‘ The reason of this is, that 



'LIGHT AS A CHEMICAL AGENT. 65 

indigo contains a considerable amount of red. On the 
other hand; cobalt blue and ultramarine produce almost 
the effect of white. Again, vermilion becomes dark, also 
English red; whereas Turkey red, which contains blue, 
becomes very light. Chrome yellow becomes much 
darker than Naples yellow; Schweiiifurt’s green becomes 
lighter than cinnabar green. No one of our pigments is 
a perfectly pure spectrum colour, but consists always of a 
mixture of different colours, and therefore is essentially 
modified in photography. 

If the effect of the colours of the spectrum on photo¬ 
graphic plates is more narrowly examined, it is obvserved 
that the indigo produces the greatest action. Never¬ 
theless, the differently sensitized photographic plates offer 
somewhat various results in this respect. Chloride of 
silver is most sensitive to violet, but non-sensitive to 
blue. Bromide of silver is sensitive even to green, and 
iodide of silver only to violet and indigo. Mixtures 
of iodide and bromide of silver are sensitive both to 
blue and green. The author succeeded, in the end 
of 1873, in making photographic plates sensitive even 
to those colours that were before ■ considered to be 
inoperative, ie., yellow, orange, and red. He found that 
if certain coloured substances that absorb green light 
were added to bromide of silver, which is by itself kit 
slightly sensitive to green, the sensitiveness of this 
bromide to green is considerably increased. In like 
manner, the addition of coloured substances absorbing 
yellow or red light makes bromide of silver sensitive 
to yellow and red light. After this discovery, we may 
hope that the difficulties attending the taking of coloured 
objects may be soon overcome. 
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Mention has often been made of the photography 'of 
the invisible. The cases aheady recorded of the photo¬ 
graphs of invisible pock-marks belong to this. But the 
photography of invisible quinine writing is especially 
understood by the term, photography of the invisible. If 
a writing is made on paper with a concentrated solution 
of di-sulphate of quinine, the result is scarcely visible. 
If this is photographed, it appears black and plainly 
visible in the pictm-e. The di-sulphate of quinine has 
the property of lowering the tone of violet, of ultra-violet 
and blue rays; that is, of converting them into rays of 
less refractive power and of less chemical elfect; therefore 
the light retected from quinine produces little or no 
photpgraphic effect, and the written characters become 
black. 

This property of the di-sulphate of quinine serves also 
to make ultra-violet rays visible. If a piece of paper 
which has been moistened with a solution of sulphate of 
quinine is held in the spectram, the originally invisible 
ultra-violet part is seen to shine with a bluish green light. 

Other substances produce this effect, such as glass 
coloured with uranium and fluor-spar from Devonshire, 
and therefore this property has received the name of 
fluorescence. 
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CHAPTER VIII. 

CHEMICAL EEEECT OE DIEEBHENT SOHRCES OP LIGHT. 

Artificial Light—Hagnesinm Light—Lime Light—Electric Light-— 
IllTimination of Snhterranean Places by Reflected Sunlight — 
Chemical Intensity of the Light of the Sun and of the Bine Sky 
—Breathing of Plants under the Influence of Light—Effect of Light 
in the History of the Development of the Earth and in the 
Economy of Nature. 

From the facts explained in the foregoing chapter, it 
follows that chemical effects are chiefly produced by the 
ultra-yiclet, violet, and blue rays. It is therefore evident 
that the chemical action of any light will be proportional 
to the amount of these rays it contains. 

Lamplight (gas or petroleum) is very poor in such 
rays, and therefore acts hut feehly on the photographic 
plate; photographers are thus enabled to prepare their 
sensitive plates in a subdued lamplight. 

This is also frequently done in the day hy allowing 
the light to pass through yellow glass. 

The white Bengal light^ the flames of the blue Bengal 
light, and those of burning sulphur, produce a much more 
powerful chemical effect. The latter possesses only a 
small illuminating power, because it contains few yellow 
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and red rays; but, on the other hand, it is rich in blue 
and violet. Photogi’aphs have been actually taken by 
help of these flames. 

But the chemical action of the foregoing lights is 
greatly surpassed by the effect of the lime, the mag¬ 
nesium, and electric lights. The magnesium light is 
very simply produced by the burning of magnesium wire. 



Fig. 18. 


mm is a metal which forms the chief com- 
ponmt part of magnesia. Magnesia is nothing but 

m^«mn rust; that is, a combination of magnesium 
With oxygen 

If ma^mmn -wire is burned, it combines with the 
1 tbe w, producing a; briUiant Hgbt and 
oxide of magnesium. This light is very 
eauveniait in its appUeation. An ounce of magnesium 
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wire, sufBcient to take fifteen to thirty photographs, 
can be easily carried in the pocket. The general use of 
the light is impeded by the price of the metal (sixpence 
per gramme) and by the smoke which it emits. The 
author has repeatedly employed it with success in taking 
the sculptures in the sepulchral monuments of Egj^t. 
When burning the magnesium wire, Solomon’s lamp is 
used (Fig. 18). This consists of a reel K, upon which the 
wire is coiled, a clockwork apparatus ff, which conducts 
the wire from the reel between two rollers to the tube 
E, at the end (/) of which the wire is burned. The con¬ 
cave mirror 0 reflects the light in parallel rays. 



By means of the handle if, the lamp with parallel 
rays can be turned in any direction, and the clockwork 
can be instantly stopped by the key m. 

The magnesium light is surpassed in power by 
Drummond’s lime light. This is produced by a gas or 
spirit flame, into which oxygen gas is blown. The 
oxygen gas is produced by the action of heat on chlorate 
of potassium, a salt rich in that element. On heating this 
salt, oxygen is given off as a gas, and is collected in an 
india-rubber bag K. (See Fig. 19.) 

This bag is closed by means of a stopcock h, and when 
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used is placed bet-ween two boards b b, & weight being 
placed on the upper one. By the pressure of this weight 
the oxygen gas is forced through the cock A, and the 
india-rubber pipe n, into the lamp D. To this is attached 
a burner E F, terminating in a jet /. The coal gas which 
serves for combustion enters through the cock L, which is 
connected with a gas tube, 

The combustion takes place at the jet I. Without 
oxygen the coal gas burns with a bright soot-producing 
flame; but as soon as the oxygen is turned on, the flame 
becomes smaller and blue in colour, and burns with an 
intense heat 

Its illuminating power is small, but as soon 
as the flame has suiflciently heated the lime 
cylinder A B, d, dazzling white light is pro¬ 
duced, which has a very intense effect in photo¬ 
graphy, and has been used with success by 
Monckhoven and Harnecker for enlarging 
photographs. 

The same apparatus serves for the production 
of what are called dissolving views. 

The electric light, produced by help of a galvanic 
battery, lias a still more powerful effect than the lime 
light 

If a piece of gas ^rhon h (Fig. 20) and a piece of zinc 
are dipped tc^ther into an acid (dilute nitric or sulphuric 
Md), electricity is developed, which produces a spark on 
bringing tc^ether dhe two ends of the zinc and coal 
above the fluid; this spark is, however, very feeble. But 

It several vessels containing zinc cylinders and pieces of 

are employed, the spark becomes very intense - 
and, as we are able to increase to any extent the number 
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of these elements, we are able to produce a cone of light 
of any degree of brilliancy, exceeding all other artificial 
light. 

In arranging electric batteries of this kind, the zinc of 
one. element is connected with 
the carbon of the second, and 
tlie zinc of this with the carbon 
of the third element. (See Fig. 

22 .) 

If the two wires from Z 
and G are brought together, a 
spark of light is produced by 
the electric stream burning the 
wire. 

The light is generally pro¬ 
duced between cones of carbon 
placed in front of a concave 
mirror H (Fig. 23). is a self-acting apparatus to 

regulate distance between the carbon points if JT. The 



Fig. 22. 


upper point is connected with the wire K hy the stand 
F, the lower one with the wire Z of the electric battery. 
Thirty-six cells similar to those of Fig. 21 suffice to pro¬ 
duce the electric light. 

Tlie preparation of the battery makes the application 
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(if the light inconvenient. In other respects this light 
surpasses all othere in photographic eifect. 

Nadar has made with it many excellent pictures of 
tlie catacombs of Paris. It has also been used to take 



J? lg. ZiS. 


employment of such a dazzling arti- 

Si?? drawback of occasioning 

krshly defined shadows, which disfigure the portrait. 
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Tliis difficulty has been overcome by placing another 
electric light of less power on the shaded side; hut it is 
difficult under this dazzling light, as in direct sunlight, 
to prevent contraction of the‘features. 

It thus appears that all these artificial lights can only 
serve as auxiliaries for photographic purposes, for they are, 
moreover, very expensive. Accordingly, their use will be 
confined to places that cannot be lighted in any other 
way The writer has used sunlight with great advantage 
in taking photographs of Egyptian sepulchres. He 



ought the light through subterranean passages by 
ians of reflection. 

Let the reader imagine a mirror a set up in the open 
reflecting the sun's- rays through the entrance T 
ig. 24), into the subterranean vault (?. In this vault 
3y are received by a second mirror &, which throws the 
ys OH the suifaee of wall of which a photograph has 
be taken. It is true that nothing but a spot of light is 
ns produced; but if, during the exposure of the photo- 
iphic plate, this spot be moved over the part of wall W, 
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of whieli a photograph is to he taken, all parts of the 
object receive successively enough light to produce photo¬ 
graphic effects. The movement of the spot of light over 
the wall is effected by moYmg the mirror h. 

Bmun of Domach, hy help of the same method, was 
able at a later date to reproduce the very dark frescoes 
of Raphael and Michael Angelo in the Sistine Chapel 
and in the galleries of the Vatican, with excellent results. 

Sunlight remains the most important source of light 
ft)r photographic purposes. The brightness of this light 
is, however, subject to great variations. Even the eye 
recognizes that the sun is much brighter at noon than in 
the luoming and evening. According to the measure¬ 
ment of Bouguer, this difference is so considerable, that 
the sun at an elevation of 50° above the horizon is 1200 
times brighter than at sunrise. The eye, moreover, per¬ 
ceives a decided difference of colour between the sun on 
the horizon and the sun at the zenith. The latter appears 
white, the former of a reddish hue; and, on examination 
with the spectroscope, it is found that in the setting sun 
the reddisli rays predominate, while the blue and violet 

in part wanting. 

For riiis reason the chemical action of sunlight is very 
feeble in the morning and the evening; it increases as the 
Him rises ahoVe the horizon, and it attains its greatest 
intensity about noon. 

The cause of the red hue of the morning and evening- 
sun is found in lie fact that the particles of the air partly 
reflect the blue rays—-for which reason the air (that is, the 
iky) appears blue—^whereas they transmit the yellow and 
red rays more easOy. 

If E (Fig. 25) is the earth surrounded by the atmo- 
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sphere A, 8 the sun at the moment of sunrise, 8' the sun 
at the moment of sunset for the place 0, and 8 the sun at 
noon, it is apparent that the sun’s rays at sunrise and 
sunset have to travel much further through the atmo¬ 
sphere—^namely, the distance between a and 0 —^than 
when the sun is in the zenith S'. But in proportion as 
the stratum of atmosphere through which the sun must 
pass to arrive at the spectator is thicker, the weaker 
becomes the light. It follows from this that on high 
mountains the chemical action of the rays of light must 



be more intense, and this has been proved by experiments 
on the Alps to be the case. 

But not only are chemical effects produced by direct 
sunlight; the light of the blue sky, which is nothing but 
reflected sunlight, is likewise chemically active, and 
powerfully so, through its blue colour. 

It has been already stated that the blue colour of the 
sky proceeds from the fact that the particles of the 
air reflect blue light. The quantity of this reflected 
light varies with the hour of the day, being strongest 
when the sun is highest (that is, at noon), and diminishes 
in proportion as the sun approaches the horizon. Photo- 
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graplieis tli6r6for6 pr6f6r tli6 middlG of tii6 
Itetw-een 10 a.in. and 2 p.in.,for taking portraits, for whieli 
the light of the blue sky only is used. During these 
hour.s'’the chemical effect of this light remains almost 
the same; aftervrai-ds it begins to diminish—quickly in 
mnter, more slowly in summer. Thus the chemical 
power of light, according to Bunsen, expressed in degrees, 
is at Berlin;— 

la o’clock.. 1 o'clock. 2 o’clock. 3 o'clock. 4 o’clock, 5 o’clock. G o’clock. 7 o’clock, 8 o’clock, 
.fmie 31 ’ 38 38 37 35 30 24 14 G 

l¥C, 21 20^ 18 15 9 0 0 

It appears from this example how extraordinarily 
weak is the chemical action in winter (thus about noon 
cm the 21st Decemher only half as powerful as at noon on 
the 21st June); moreover, how small is the amount of 
chemical light which is diffused by the blue sky on the 
21st December, on account of the shortness of the day. 
Therefore a longer exposui'e is necessary in winter than 
in summer, and, the printing process being slower, a 
longer time is required in winter to print the same 
numba: of picture. 

Now, the intensity of the blue sky light depends on 
the position of the sun, and the latter varies, not only 
according to the different seasons, but also at the very 
.same seasons on different parts of the earth. 

If cirdes he drawn round the earth from pole to pole, 
we obtoia what w called meridians (m m Fig. 26). At 
all pk^s dtuated on the same meridian it is noon at 
the same time, but the height of the sun varies very 
much according to the distance of the place from the, 
equator.. 
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If circles be drawn round tlie earth parallel to the 
equator, they form the >so-called lines of latitude. If the 
sun is perpendicular at noon at a particular place on the 
equator, at 10° of north latitude it is 10° lower; that is, 
the height of the sun (or the distance 
of the sun from the horizon expressed 
in angular measurement) is 80°. At 
10° further north, the position of the 
sun, at the same time, is only 70°; 
and at the pole, which is 90° from the 
equator, the height of the sun ~ 0; 
that is, the sun is on the horizon. 

The chemical action of the blue skylight varies greatly, 
corresponding to the different positions of the sun at the 
same time. Thus, for example— 



At Cairo, on tlie 21st Sept., tlie strength of light at noon = 105° 
At Heidelberg „ „ „ = 57° 

In Iceland „ „ „ = 27° 


Therefore, the more southerly a place is, the richer it is 
in the amount of light available to the photographer. 
Accordingly, the American photographers are better off 
than those of Germany and England. 

These differences in the chemical intensity of light are 
also essentially modified by the state of the weather. If 
the sky is covered with grey clouds, the chemical inten¬ 
sity of the light is considerably less than with a perfectly 
clear sky. On the other hand, white plouds increase the 
power of the light very decidedly. In the autumn the 
chemicaT intensity of light is much greater than in spring, 
perhaps in consequence of the greater transparency of 
the air. According to Eoscoe, it is in August and Sep- 
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tember more than one and a half times as great as in 
March or April. 

These variations in the chemical intensity of light are 
very important to the life of plants, The green leaves 
of plants inhale carbonic acid and exhale oxygen tinder 
the influence of light. This breathing process does not 
take place without the presence of light. The green 
colour of leaves and the variegated colours of flowers 
only exist under the operation of light. In the dark, 
plants only develop sickly blossoms, like the well-known 
white sprouts of potatoes kept in cellars. 

The necessity of hght for the life of plants is also seen 
in the effort made hy plants kept in darkened rooms to 
reach the apertures which admit light. Hence a plant 
develops with an energy proportional to the intensity of 
the light. The greater fruitfulness of the tropics is to 
he ascribed, not only to the higher temperature, but also 
to the greater chemical intensity of the light. Eecent 
observations have established that the yellow and red 
rays, and not the bine and violet, produce the greatest 
chemical effect on the leaves of plants. 

We have now arrived at the knowledge of the import¬ 
ance of light for the economy of nature. Atmospheric 
air is a mixture of two gases, oxygen and nitrogen. 
Nitrogen is a perfectly innocuous kind of air, serving to 
dilute the oxygen; for the latter, though essential to life, 
is injurious if undiluted. 

In breathing, of the oxygen is absorbed in the 
lungs: it forms, with the organic constituent parts of the 
body, carbonic acid and water. The carbonic acid and 
water ^ exhaled by us and dispersed again in the air. 

It is easy to prove by an experiment that a consider- 
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able amount of carbonic acid is contained in tbe air we 
exhale: Carbonic acid forms with lime-water an insolu¬ 
ble precipitate, carbonate of lime. If now we blow the 
exhaled air through a glass tube into perfectly clear 
lime-water, the latter becomes milky by the formation of 
carbonate of lime. Hence, by breathing, the amount of 
oxygen in the air is continually diminished and converted 
into carbonic acid. The same result is produced on a 
larger scale by the process of combustion. In this process 
a combination of wood or coal with oxygen takes place, 
and the result is again, principally, carbonic acid. 

It might be supposed from this fact, that, in the course 
of time, the amount of oxygen in the air must diminish, 
while that of carbonic acid would increase. This actually 
takes place in closed spaces. Leblanc found that, after a 
lecture in one of the lecture-rooms of the Sorbonne at 
Paris, the air had lost one per cent, of its oxygen. 

In the open air no such a diminution of oxygen and 
increase of carbonic acid gas can be detected, and the 
reason of this is that the carbonic acid formed by com¬ 
bustion and the exhalations of animals is again decomposed 
by plants under the influence of light. 

Plants absorb the carbonic acid, retaining the carbon 
and liberating the oxygen ; by w^hich means the latter, 
lost by combustion and exhalation, is made again 
available. 

There was a time when the atmosphere was much 
richer in carbonic acid gas than now. When the incan¬ 
descent and fluid masses that once formed our earth 
gradually solidified, when the aqueous vapours were con¬ 
densed as seas, the atmosphere contained almost all the 
carbon of the earth, combined with oxygen, as carbonic 
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acid gas. The air was therefore at that time infinitely 
richer in carbonic acid than now. When at length the 
earth had cooled sufficiently for vegetation to be de¬ 
veloped, gigantic plants shot forth from the warm ground 
under the influence of the sunlight. They flourished 
luxuriantly in an atmosphere so rich in carbonic acid, the 
carbon of the carbonic acid passed over into the form of 
wood, and thus for thousands of years the carbonic 
acid in the atmosphere was continuously diminished, 
Kevolutions of the earth’s surface succeeded; whole 
tracts were buried under sand and clay; their forests 
decomposed, and were changed into coal. A fresh vege¬ 
tation sprouted forth from the newly formed soil, and 
again absorbed, under the influence of light, the carbonic 
acid of the atmosphere, to be once more engulfed Thus 
die carbon from the carbonic acid of the atmosphere 
was stored as coal in the depths of the earth; and thus 
the atmosphere, by the chemical effect of, light, became 
continually richer in oxygen^ until at length, after eount- 
le® ages, it attained that wealth of oxygen which made 
the existence of man possible. 

We see, therefore, that the chemical influence of light 
has played an important part in the development of our 
planet, and that it eontinues to do so in the economy of 
nature. 
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CHAPTER IX, 

ON THE HEPEAOTION OE LIGHT. 

Simple Befraction—Index of Eefraotion—Befraotion in Glass Hates— 
Prisme and Lenses—Prodnotion of Images by Lenses. 


We have already pointed out (p. 60) that when a ray of 
light passes the border of two transparent media of un¬ 
equal density, a change of direction o 

takes place which is called refraction. / 

If a small coin is placed in an 
opaque cup, and the eye be kept in 
such a position that the edge of the 
vessel just conceals the coin, it becomes 
visible on pouring water into the cup, Pig. 27. 

and this takes place by the refraction which the rays 
experience in passing from the water to the air. (See 
Fig. 27.) 

The angle which the rays make, before and after the 
refraction, is called the deflection. 

This deflection increases in proportion to the oblique¬ 
ness with which the rays fall upon the surface of the 
water. 

In order to determine exactly the degree of the refrac¬ 
tion, let a line be conceived to be drawn at right angle 
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to the surface through the point of immersion % of the 
ray tv I (Fig. 28). This line is called the normal, and the 
ainde i which the ray forms with this normal is called the 
angle of incidence, while the angle r 
which the refracted ray forms with 
the same iiormal is called the angle 
of refraction. 

The ratio 6f the magnitude of 
the angle of incidence to the angle 
of refraction is peculiar. If a circle 
he described with centre n, and from 
the points a and h perpendicular 
lines a d and b f are let fall on the 
normal, these lines are what mathematicians call the sines 
of the angles. Thus a d is the sine of i, and h f the sine 
of f. The ratio of the sine of the angle of incidence to 
the sine of the angle of refraction is constant. 

This ratio is, when light leaves air for water, 4 to 3; 
Uiat is, the sine 6 / is | times as great as the sine a d, or 
the ine a d is f times as great as h f. Light is still more 
refracted on entering glass. In this 
case the ratio of the sines is as 3 to 
2. This ratio of the sines of the two 
angles is called the index of refrac¬ 
tion. 

If a ray of hght n I falls upon a 
smooth sheet of glass (Fig. 29), it ex- 
P^rf^Hces a similar refraction; it con¬ 
tinues in the direction % and the sine of the angle of 
refraetion at in the glass becomes two-thirds of the 
sine of the angle of incidence. 

On issuing from the other side of the sheet of glass, 





on THE EEFEACTION OF LIGHT. 


8S 


another refraction takes place; but in this case the sine 
of the angle of refraction at n' in the air becomes one and 
a half times that of the angle in the glass, and as the 
angle at n is equal to the angle at n', the angle of emer¬ 
gence of r 71 is of the same magnitude as the angle of in¬ 
cidence of Til; that is, the ray continues, after refraction, 
in its original direction. At all events, it only experiences 
a shifting parallel with itself Therefore we see objects 
through our windows in the same direction in which they 
are really situated. 

The result is entirely different ^-- -0 

when the spectator looks through 
a triangular glass (Fig. 30). If 
the eye is at 0 , and an object at 
a., and a triangular prism be held 

close to the eye, the object does not appear to be at 
a, but in the direction of of. The incident ray a d suffers 
a deflection at the first face of the glass, taking the direc¬ 
tion d G; at the refraction on the second face it takes 
another, 0 c. Both deflections are in the same direction. 



Fig. 31. 

The greater the magnitude of the angle x which the 
two faces of the prism, through which the ray passes, 
make with each other, the greater is this deflection. Thus 



THE CHEMISTRY OF LIGHT. 


84 - 

the deflection by the prism h (Fig. 81) is greater than by 
the prism c, and by the prism a it is greater than by b; 
l}e€aiise the angle of refraction x is greater in h than in c, 
and in a it is greater than in 6. 

If a glass structure be erected, consisting of separate 
prisms of varying angles (Fig. 32), and if a bundle of 
|)arallel rays be conceived to fall upon it, the ray a will 


f ’ 
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Fig, 32. f 


be more strongly deflected tiaa b, -which falls on a prism 
having a smaller angle; and the latter, again, will be more 
deflected than ray c, and the result may be that all the 

rays unite in one point/ 

If instead of the separate 
prisms we substitute a solid 
- symmetrical mass of glass, 
we ohtaiu the section of a 
Ms. 38 . burning glass, or, as the 

opticians say, a lens, which 
im the property of nniting all parallel incident rays in 
(B» point (See Fig. p.) 
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Every lens is contained between two curved faces. 
The connecting line running through the centre of the 
two surfaces is named the axis of the lens, and the point 
E (Fig. 83), where the parallel incident rays unite, is the 
focus, while its distance from the lens is the focal length. 
But not only are parallel rays united in one point by the 
refraction of a lens of this kind, the same thing occurs 
with the divergent rays which issue from any luminous 
point. The point in which such rays are united is called 
the conjugate focus of the luminous point. 





Fig. 34. 

A luminous point 5, for example, sends a cone of rays 
to the lens. After refraction these are united at R. If S 
he brought near to the lens, R removes further; if jS be 
brought so near that its distance from the lens is twice 
the focal length, then the converging point R is equally 
distant from the lens. 


B 



If instead of the luminous point an object (for example 
an arrow B A) is placed before the lens, from each 
individual point of the object a cone of light proceeds to 
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the lens, and all the rays of one and the same cone con¬ 
verge in one point, the rays from A in a, and those issuing 
from jB in 6; and the result is that a perfect miniature 
and inverted image of the arro-w is produced. 

If the arrow he moved nearer to the lens, its image is 
removed farther from the lens and becomes larger. For 
example, if the little amw a h is placed before the lens, 
it produces the enlarged picture A B. 

But if the anw be removed farther from the lens, its 
image approaches the lens, and becomes continually 
smaller. Accordingly, a lens is able to project enlarged 
or diminished images of an object, the size of the image 
varying mth the distance of the object from the lens. 
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CHAPTER X. 

PHOTOGRAPHIC OPTICAL APPARATUS. 

Constmcdoa of the Camera Ohscura—Telescopic Images—The Magic 
IjanterH—Enlarging Apparatus—The Stereoscope. 


We have just shown that a lens is able to produce 
enlarged or diminished pictures of objects according to 
their distance. On this depends the property of the 



Fig. 36. 

camera ohscura, the most important photographic in¬ 
strument, to project plane pictures of solid objects. 
We have already described (see p. 7) its simplest 
form. It is a darh; chamber having a small hole m the 
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siiutter. This an-angement produces indistinct and weak 
pictures. But if a lens is placed in the hole of the shutter 
n (Fig. 36), a brighter and more distinct image is cast on 
the wall than that of a simple hole. It is evident that 
in this case the distance of the wall from the lens must 
com^pond ,to the distance of the object. Now, as this 
varies, the dark chamber has been converted into a small 
Itox (Fig. 37), the back paid; of which is movable, and 

contains a ground-glass 
slide g. If the back of 
the camera o is moved 
to and fro, it is easy to 
find the exact situation 
of the image of an ob¬ 
ject placed before the 
lens 1. In order to 
determine this distance 
with the necessary accuracy, photographic lenses are 
supplied with a rackwork motion r in the frame of the 
lens; but this addition is by no means necessary. 

In order to be able to see the image on the ground- 
gla® slide g, all foreign light which would blind the eye 
must be kept off, and for this a dark cloth is thrown 
over the head, forming what is called the focussing cloth. 

The operation of seeking the image is named in 
photography focu^g. It follows from what has been 
swd that the image appears inverted on the ground-glass 
slide. Though tire process of focussing appears simple 
at first %ht, it is really rendered difficult by- the fact 
that objects at different distances from the lens form 
images that likewise vary in distance from the ground- 
glas3 slide. For example, if a head be placed opposite a 
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camera, tlie nose is nearer to the lens 
than th.e hairs behind the head; and the 
result is that the image of the nose in 
the camera is farther from the lens than 
the hairs of the back or side of the head. 
Accordingly, the whole head never pre¬ 
sents the same degree of sharpness or 
definite accuracy. Photographers are 
satisfied with obtaining the main points 
with definite clearness, such as the face, 
and they bestow less care on the subordi¬ 
nate parts. 

If the situation of the object be rather 
remote (for example, a landscape, whose 
nearest features in the foreground are 
distant about fifty times the focal length), 
the images of the various objects, what¬ 
ever their distance may be, appear all in 
the same focus. 

The same thing occurs in the case of 
stars. Photographic cameras are well 
adapted to project images of stars, only 
they are very small if the focus of the 
lens is short. Accordingly, telescopic 
lenses are preferred in such cases. The 
production of images in this case depends 
on the same principle as the production 
of images by other lenses. If we imagine 
a telescopic lens o o (Fig. '38), and an 
arrow A B placed before it at a great 
distance, a very diminished image h a 
would be formed. Thus, the image of 



Fig. 38. 
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tlie sun at a distance of 90 millions of miles, -when cast 
liy a lens of six feet focal length, is only eight lines in 
iliameter. If it is wished to obtain the photograph of 
such an image, the tube R, on which the lens L is fixed, 
must be arranged as a photographic camera. (See 
Fig. 39.) A movable ground-glass screen n is used to 
focus the image, to be exchanged for a photographic plate 
during the exposure. This is the method adopted by 
Warren de la Eue, Rutherford, and others engaged in 
eclipse expeditions, and also by the author in the expe¬ 
dition to Aden in 1868. 



The images taken by a photographer are usually 
smaller than nature. But he is also able to produce 
images that are larger than the originals. Every lens gives, 
as d^crihed at p. 86, images of the same object, varying 
in size according to distance. If the object is neai'er 
than twice the focal distance, an enlarged image is pro¬ 
duced, but if it is more remote, the image is smaller. The 
latter is the commoner ease. The production of enlarged 
images direct from nature is attended with difficulties. 
The larger the image, the larger is the surface over which 
the light from the objects is spread, and, accordingly, the 
siMdler will be tiie amount of light over each part of the 
image. But, in proportion as an image is deficient in 
light, the longer the exposure must be to produce a 
photographic impression. A man would find it difficult 
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to endure such a long sitting, therefore this method is 
only employed for drawings and the like. 

Enlarged pictures of other objects are produced by 
the help of an apparatus resembling the magic lantern. 
The magic lantern serves for the production of enlarged 
images by means of lenses. Instead of a simple lens, 
a system of lenses % m o o (Fig. 40) is employed for 
enlarging, which gives more sharply defined images. 
The object is painted 
or photographed on 
glass plates, which are 
placed in the slide 
a a, and brightly 
illumined by the 
lamp i. The con¬ 
cave mirror H and 
the lens m m are 
employed to concen¬ 
trate the lamplight 
on the object that 
has to be enlarged. 

The images obtained 
vary in size with the distance of the screen from the lens. 

This instrument was formerly nothing but a plaything, 
but it has latterly become an important auxiliary in 
instruction. Photographs of microscopic preparations, 
of animals, plants, minerals, landscapes, national types 
and architecture, may be in this manner more faithfully 
represented than by maps, which are in general very im¬ 
perfectly designed. 

In America this application of the magic lantern is 
universal. Every educational establishment of any size 
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possesses one sucli instrument, and often more. In Ger¬ 
many, though so useful, it has been hitherto left in the 
hands of showmen connected with the annual fairs, who 
employ them for what are called dissolving views. These 
dissolving views are produced by the help of two magic 
lanterns placed side by side, both of which project their 
images on the same screen. If one of these lenses be 
covered up, one of the pictures disappears and the other 
alone remains visible. Meanwhile, if another picture be 
sulstituted for the one withdrawn, and the lid again 
taken off, a combination of two images is obtained. If 
the one lens be only graduahy, not suddenly, closed, the 
com“.sponding image also fades gradually away. 

Professor Czarmak, at Leipsie, has latterly introduced 
the representation of enlarged images by the magic 
lantern as a useful auxiliary in his lectures; and he ob- 
tmned so great a success with it, that he prepared the way 
for its general introduction into schools. 


We take this occasion to remark that wonderful 
pictures on glass have been lately produced from photo¬ 
graphs hy means of a new priuting process. These glass 
picture are now for sale, and are specially designed for 
tfe magic lantern. Their price is so moderate, and the 
objecte they represent are so interesting—landscapes 
from all ®f the earth—that it is within the reach of 
eveiy femily to obtain a collection of the most beautiful 
md interring views. At domestic entertainments by 
w %Qny fireside, such pictures united with a magic 
matem become an important means of instruction and 
enjoyment to both young and old. 

A petroleum lamp is not sufficient for the representa¬ 
tion of such images on a laige scale. For this purpose 
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more powerful sources of light must be employed, such as 
the lime light or the electric light (see p. 72). To obtain 
photographs of such enlarged images, a sheet of sensitized 
paper is stretched over the place and instead of the screen. 

To produce life-size photographs, the magic lantern is 
not used, but the so-called solar camera, a section of 
■which is represented in Fig. 41, and a view of its ex¬ 
terior Fig. 42. 



Sunlight is made to fall on a large lens JS, which 
concentrates it on the small negative N; close to 
which is the objective 0, which projects an enlarged 
image on the screen R. The image will be obviously a 
negative one. If a sensitized piece of paper be stretched 
at R, this paper becomes brown at all places where the 
negative is clear (transparent), and it remains white in 
aU places where the negative is black (opaque); there- 
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fore the resufting picture will be positive. The whole 
apparatus is enclosed in a light-tight wooden box, which 
can he shifted by means of a rackwork motion, so that 
it can always be turned towards the sun. 

In conclusion, we have to describe a most beautiful 



Fig. 42. 


optic-pbotographic apparatus, which enables us to see 

not only as plane objects, but as solid bodies, 
i-uis IS the stereoscope, 

^ instrument is 
intended to exhibit double pictures, the two halves of 






New Taibottype or Lichtpaus Process. 
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wliicli at the first glance seem to be absolutely alike, and 
which when viewed through the instrument form one 
picture, which appears no longer plane but solid. 

The two pictures which are seemingly alike are, in 
fact, different. If we look at a cube with the right eye, 
we see rather more of the right side; if we look with the 
left eye, we see something more of the left side, taking 
for granted that the head is not moved. The pictures of 
the right and of the left eyes are combined with each 
other and give the impression of solidity. 

If we close one eye, the impression of solidity is far 
weaker; the objects appear plane or flat. This may not 
be readily credited, because men do not often seek an 
explanation of what they see, hut look at objects much 
too hastily. But it can be easily ascertained that such 
is the fact if a bottle be placed before a wall, or in front 
of an upright book. If we then look at them with both 
eyes, we readily perceive the distance of the bottle from, 
the wall or book, but directly we close one eye the bottle 
and the book appear to be almost contiguous, and it is 
only by moving the head on one side that we clearly 
distinguish the distance between them. 

Accordingly, the use of both eyes is necessary for a, 
perception of solidity. It is only in this manner that we 
come to the conviction that space has not only height 
and breadth, but also depth. One-eyed persons only 
receive this impression by turning the head on one side. 
If objects are very remote, the difference between the 
views which the right eye and the left eye have of them 
ip^|Yery inconsiderable; and, accordingly, such remote 
objects appear flat and without solidity, and it is only 
when we change our position and observe them from 
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different sides that we become acquainted with their 
solidity. This is therefore purely an affair of experience. 
Every person will recognize a distant house as a solid 
object; because we know from experience that a house is 
solid; but that we actually see it as a flat surface is proved 
by the deception produced by theatrical decorations, 
where the remote background, if properly painted, often 
produces an extremely natural effect; but we perceive 
this background to be flat directly we move the head 
on one side. "When this is done, a solid object presents, 
a different appearance, but a fiat surface remains un¬ 
changed. 

Wheatstone was impressed by the fact that the solid 
impression made by an object is caused by the combina¬ 
tion of the different views of it hy the right and left eye. 
Accordingly, he tried to substitute for a single picture a 
view of the right side of an object for the right eye, and 
of the left side for the left eye. He obtained in this 
manner a perfectly solid impression, though the double 

picture occasioning it is 
no solid at aU. Some 
people indeed are able to 
see stereoscopic pictures 
as solids without nsing 
an instrument. But 
most persons require an 
apparatus which renders 
it possible for both eyes 
to see in the same place 
the two operate pictures. This apparatus ai the stereo- 
scope (5ig, 48). Its most essential features are, the two 
pictures on the slide and the partition in the interior of 
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the box which prevents the right eye seeing the picture 
on the left, and vice versa; and further, the lid, which is 
generally provided with a mirror which can be either 
shut or opened, so as to exclude or let the light into the 
box; and, lastly, the two lenses at the top. 

These lenses are represented in the diagi’am (Fig. 44); 
they are two halves of one lens, 
and work in the same manner. 

We are indebted to Brewster 
for the construction of this in- Fig. 44 

strumeni 

We have shown at a previous page that a lens gives a 
diminished image of a remote object, and an enlarged 
invei*ted image of a near object. This image is objective, 
that is, it can be rendered visible on tbe ground glass 
screen of a camera. Nevei4heless, this phenomenon only 
takes place when the object is -more remote than the 
focus. The case is different when the object is nearer to 
the lens. Let an ordinary magnifying or burning-glass 
be held near some writing, and it will be seen upright, 
and not inverted. The 
image appears also en¬ 
larged, but on the same 
side as the object, and 
the accompanying dia¬ 
gram illustrates the 
maomer in which it 
originates. Thus F represents the focus of the lens, A B 
an object within the focal distance, and a h its image, as 
it appears to the eye upon the other side of the lens. As 
may be seen in the diagram, the rays issuing from J. B do 
not actually unite to form an image, but their directions 

H 



Fig. 45. 
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])rolonged through the lens (the dotted lines of the figure), 
unite to form the image a h, and there the magnified 
image will he seen. The eye seeks the objects seen in 
the direction of the rays which fall upon it, as may be 
seen, for example, in a mirror, where we see the mirrored 
objects behind. 

In order to give a clear illustration of the difiPerent 
way in which a lens represents near and distant objects, 
we introduce the diagram of p. 85 again, which shows 
the production of an inverted and enlarged image B A, 
representing the arrow a h situated without the focus. 


B 



A 

Fig. 46. 


A lens employed to see objects enlarged within the 
focus is named a microscope, or magnifying glass. The 
lenses of a stereoscope are such magnifying glasses. They 
present us with a rather enlarged upright image of the 
object seen, but they produce likewise the effect of a 
prism. As may he seen from Fig. 44, the two lenses 


consist properly of only two half 
lenses, which are placed in a re- 
versed position. 

We pointed out at a previous 
fig. 47. 0 sees an object 

a prism in the direction 
0 a\ that is, shifted towards the angle of the prism. The 
mme tiling happens with stereoscopic glasses. We,, see 
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the image, not in the original direction, but r’eflected 
towards the angle of refraction, that is, towards the centre 
of the instrument. 

The two corresponding points a a', which belong to the 
right and left images, appear therefore in common to both 
eyes at ct '—^that is, at the same place 
—and consequently our two eyes see 
only one image instead of two. 

Now, every one who wishes to see 
an object (for instance, wilting) clearly 
and distinctly holds it at a definite 
distance from his eye. This distance is 
the distance of clear vision. In the case 
of good eyesight it is eight inches; with 
far-sighted persons it is more, and with 
short-sighted persons less. In the case 
of stereoscopic vision, the image appears remoter or nearer, 
according as it is removed from or approached towards 
the two lenses. If the image is near the lenses, it appears 
when viewed through them nearer and smaller. In the 
opposite case it appears farther and larger. But every one 
wishes to see the image at the distance of clear vision, 
therefore stereoscopes must have movable lenses, in order 
that persons may adapt the position of the object to the 
eye; that is, that they may vary the distance of object 
and lens until the image appears clearest. If such focus¬ 
sing arrangements are absent, the instrument is only 
adapted for eyes of average power of vision, and requires 
an eflfort in eyes of a difierent calibre. Persons are often 
met with whose eyes are not of equal strength, one being 
short and the other long-sighted. There can be no satis¬ 
factory stereoscope for such persons; for if the distance 



Fig. 48. 
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of the lenses is adapted for one eye, it does not suit the 
other, 

Nevertheless, such persons can obtain a tolerable 
stereoscopic effect if they hold a suitable eyeglass before 
one eye. 

A great hindrance to viewing stereoscopic pictures 
on paper is the shape of the Brewster stereoscopic box, 
which is closed all round and only open at the top. 
This aperture only admits an insufficient amount of light 
to the picture, which is commonly left in the shade on 
one side. 

This defect has been removed in the American stereo¬ 
scope, which dispenses with any box. Lenses are fitted 
in a frame (j g (Fig. 49), which may be held by a handle; 



the partition b serves to separate the field of view of the 
two lenses. The object is placed on the cross-board d d, 
and this board can be easily slid to and fro, so that the 
proper position of the image with reference to the eye 
may he found. 

But the American stereoscope is only suitable for 
jm.per picsuim The beautiful transparent stereoscope 
piefcures on glass can only be viewed with Brewster’s 
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stereoscope, as they must be seen by transmitted light, 
and all front light excluded, or the effect will be de¬ 
stroyed. 

We have named the stereoscope an optic-photographic 
apparatus. But we remark that double pictures dravm 
by the hand can also be viewed through it. It is 
evident that the preparation of such pictures only suc¬ 
ceeds in very simple subjects. It would be very difficult 
to represent stereoscopically a complicated object; for 
example, a man, a landscape, or a machine. Photography, 
which can produce with the greatest ease pictures of 
the most complicated objects from any pomt preferred, 
rendered this possible. It is only since the invention of 
photography that the stereoscope, which was formerly a 
philosopliieal instrument, has become a favourite instru¬ 
ment wdth the public. Notwithstanding their small form, 
the pictures of these instruments make a clearer and more 
intelligible impression than single pictures of the same 
object in a larger form. A single picture of a machine, 
or of complicated architecture (for example, the choir of 
the Cologne Cathedral), is often a hopeless maze of details. 
But in the stereoscope the confused masses are directly 
defined; they become distinct in perspective, and the eye 
perceives with great clearness the interior structure. In 
this respect the stereoscopic pictures are of equal value to 
the magic lantern in imparting instruction. 
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CHAPTER XL 

TEE CHEMICAL EFFECTS OF LIGHT. 

Physical and Chemical Processes—Moser’s Experiments—Action of Light 
upon the Elements—Phosphorus, Oxygen, and Chlorine—Action of 
Light upon Salts of Silver—Chloride, Bromide, and Iodide of Silver 
—Theory of the Developing Process—Dry Plates—Theory of the 
Positive Process. 

/n the previous chapter we have hecoiue acq[uainte(i with 
the part which light plays in the processes of photography. 
We will now enter the domain of chemistry, in order to 
explain the phenomena which occur when substances 
sensitive to light are exposed to its action. 

All bodies in nature are perpetually subject to cliange. 
The ^n, moon, and stax's change place; wood and sugar 
can be powdered; lead can be melted, and thus its state 
of a^r^^tion altered. In such cases the matter is not 
clianpd Wood may be rubbed or sawn into the finest 
dust, yet it remains wood; lead remains lead, notwith¬ 
standing the meltn^. Changes of this kind, that leave 
the matter of bodies unchanged, are styled physical 
changes. 

But, beyond the physical changes, there exist others 
ofa dhferent nature. If a piece of wood be heated in 
fiame, it bums and loses its character as wood. It 
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becomes changed partly into combustible gases, partly 
into ashes. A rod of iron, heated to redness in the aii', 
becomes dull and coated with a black crust, which falls 
oiF in flakes when struck by a hammer. In this ease the 
substance of the iron is totally changed. Changes of this 
kind are styled chemical changes. 

Now, light is able to produce both chemical and 
physical changes. We have already stated that the red 
mineral, realgar, fails into a yellow powder when exposed 
to light. This is a physical change, for the yellow powder 
is still realgar, and if it is fused it forms, on cooling, 
compact red masses, which are again changed on ex¬ 
posure to the light. The number of physical changes of 
this kind occasioned by light is not great, hut the phe¬ 
nomena are in themselves remarkable. 

Moser has remarked that light has a certain action 
on almost all surfaces. He covered smoothly polished 
surfaces of silver, ivory, and glass with perforated screens, 
and exposed them to the light. After this he breathed 
upon them, or exposed them to the action of the vapour 
of mercury, and found that the vapour was condensed 
most powerfully where the light had reached the surface. 
Accordingly, Moser established the proposition: Light 
reacts on all bodies, and its action can be made visible by 
the greater condensation of vapours on the parts exposed 
to light. 

The chemical changes effected by light are far more 
numerous than the physical, and their study is the special 
province of photo-chemistry. 

Before passing to the more complicated phenomena 
of photography, we must make the reader acquainted 
with the simpler phenomena of the action of light. 
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(a) Action of Light on the Elements, 

The chemist understands by the term elements simple 
undecomposable bodies. Thus water, which the ancients 
named an element, is no element in the chemical sense of 
the term, for it can be easily decomposed into two com- 
jmnents of a gaseous nature—oxygen and hydrogen. Air, 
also an element of the ancients, is no element viewed in 
the light of chemistry, for it is a mixture of two gases— 
oxygen and nitrogen. But these two substances, oxygen 
and nitrogen, are undecomposable bodies, or elements. 
The chemical elements contain amongst their number 
all the known metals, also sulphur, phosphorus, chlorine 
(a greenish, strong-smelling gas); further, the less hnown 
substance bromine (a brown, unpleasantly smelling fluid); 
and iodine (a black, volatile solid). Each of these ele¬ 
ments can eoinbine with others to produce bodies with 
new properties. Metallic iron combines with the gaseous 
oxygen, and produces the red iron rust. Sulphur unites 
with oxygen, and produces the pungent, strong-smelling 
sulphurous acid. Iodine and chlorine combine with 
metals forming the iodides and chlorides, amongst which 
are iodide and chloride of silver. 

It k remarkable that many elements present them- 
mhm in quite different forms, so that it might he 
supposed they were different substances. The yellow, 
inflWmahle, poisonous phosphorus, soluble in ether, and 
formeriy used in the manufacture of matches, is changed 
by hating in a closed vessel into a reddish substance 
difficult to kindle, not poisonous, and insoluble. This is, 
however, phosphorus, and passes by melting into the 
of eommon phosphorus. 
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It is an interesting fact that this transformation of 
yellow into red phosphorus is effected not only by heat, 
blit also by light. If yellow phosphonis be exposed for 
a long time to the light, it becomes red. 

The oxygen of the air is also susceptible of »similar 
changes. Ordinary oxygen is a colourless and inodorous 
gas. By the action of electricity, however, it is easily 
changed into another kind of gas, distinguished by a 
peculiar smell—the so-called sulphurous smell of light¬ 
ning. This new gas, ozone, has a much more oxidizing 
or rusting effect than common oxygen. 

Ozone is also formed by the action of light. If 
oil of turpentine he poured into a large bottle contain¬ 
ing air, and agitated violently in the sunlight, ozone is 
formed. 

Equally peculiar are the changes experienced in 
sunlight by tAvo other elements not so well known, 
chlorine and bromine, Avhich have only been carefully 
observed latterly. 

Chlorine is a yeiloAAdsh-gi’een gas, with a disagreeable 
smell, distinguished by its properties of bleaching coloured 
stuffs and destroying infectious matter. Bromine is a 
substance very similar to chlorine, but in a fluid not in 
a gaseous state at ordinary temperatures, though it can 
be easily vaporized, and then appears as a brownish- 
red gas. 

Both chlorine and bromine gas show a peculiar 
relation to light, even in combination. 

Chlorine gas behaves in a peculiar manner with 
hydrogen—a gas which forms one of the constituents of 
water, from which it can be easily obtained by the action 
of zinc and sulphuric acid The zinc attracts the oxygen 
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of the water, forming, with the sulphuric acid, sulphate of 
zinc, while the hydrogen escapes in the form of gas. 

If this combustible gas is mixed with chlorine, and 
the mixture is exposed to the sunlight, an explosion 
takes place. This accompanies the chemical combination 
of chlorine and hydrogen to form a new body—/i^/cZro- 
chhric mid —^having no resemblance to chlorine or to 
hydrogen. This acid is of a sour taste, very soluble in 
water, does not bleach like chlorine, and is not com¬ 
bustible. 

Another body—iodine—is veiy closely related to 
chlorine and bromine. It is a solid, appearing in the 
fomi of shining black crystals, and giving when heated a 
wonderful violet vapour. 

(5) Chemical Action of Light on Salts of Silver. 

Iodine, bromine, and chlorine unite with metals, form¬ 
ing the iodides, bromides, and chlorides of the metals. 
Kitchen salt is one of the commonest combinations of this 
kind, consisting of chlorine and sodium. Sodium is a metal 
not employed in the industrial arts, which possesses the 
property of powerfully attracting the oxygen of the air, 
or rusting, so that it has to he protected by being kept 
under naphtha. The chlorides, bromides, and iodides of 
the metals all show a nature analogous to salt. Chloride, 
bromide, and iodide of silver are particularly interesting 
to us. These three salts may be obtained by the direct 
action of cUorine, bromine, and Iodine on silver; but a 
more rapid method is to dissolve in water chloride, 
bromide, or iodide of sodium, and to add to them a solu¬ 
tion of a salt of sUven For silver can also form salts. 



THE CHEMICAL EFFECTS OF LIGHT. 


107 


If a silver coin is thrown into nitric acid, it is dissolved, 
forming nitrate of silver; and this is obtained on evapo¬ 
rating the solution as a white soluble salt, which when 
fused is called lunar caustic. 

If a solution of this substance be mixed with a solu¬ 
tion of chloride of sodium, a white curdj precipitate of 
chloride of silver is formed by double decomposition. 
Chloride of sodium and nitrate of silver produce chloride 
of silver and nitrate of sodium. 

Bromide or iodide of silver may be produced exactly 
in the same manner if bromide or iodide of sodium be 
added to a solution of silver. 

Bromide, chloride, and iodide of silver are thus 
separated as precipitates, because they are all three 
insoluble in water. After being washed and dried, all 
three salts appear in the form of powders, the chloride 
being white, the bromide yellowish white, and the iodide 
yellow. All three are very stable bodies, not decomposed 
by heat, and insolnble in water, alcohol, or ether; they 
are, however, dissolved by solutions of hypo-sulphite of 
soda or cyanide* of potassium, by combining with these 
bodies to form new ehernical compounds which are soluble 
in water. 

These three stable compounds—cMoride, bromide, and 
iodide of silver-show a marked sensitiveness to light, 
and this sensitiveness is the basis of modeiTi photography. 

By the light of a gas lamp in a dark room the chloride 
of silver appears perfectly w’hite, but it quickly takes a 
violet tint in the daylight. It is often said that it 
hecomes black; this, however, is not the case. This 
change of colour is the result of a chemical decomposition. 
The chlorine is in part set free, and may be detected by 
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its odour if large quantities of chloride of silver be em¬ 
ployed The violet powder which remains behind was 
formerly thought to he metallic silver. 

Metallic silver does, it is true, under certain circum¬ 
stances, present itself in the form of a grey or violet 
powder. The violet-coloured body formed on exposing 
chloride of silver to light is not, however, metallic silver; 
it is only a combination of silver with chlorine, Avhich 
contains" half as much chlorine as chloride of silver. 
Silver and chlorine form two compounds—one white and 
rich in chlorine, the other violet and with little chlorine, 
named subchloride of silver. In the same manner, silver 
fonus two compounds with bromine—one light yellow, 
rich in bromine, named bromide of silver; and a yel- 
iowish-grey componnd, less rich in bromine, named 
subbromide of silver. Further, analogous to these there 
exist a yellow iodide of silver, and a green subiodide of 
silver, less rich in iodide, Subbromide and subiodide of 
silver are produced exactly in the same manner as the 
subchloride, hy the operation of light. The chemist 
says, therefore, that bromide, chloride, and iodide of silver 
axe reduced by the action of light to the corresponding 
subchloride, subbromide, and subiodide. 

The change of colour by which this chemical change 
k accompanied is most striking with chloride of silver, 
lem with bromide of silver, and least so with the 
iodide. 

It would appear from this that chloride of silver is 
the most useful to photography. But this is not the case! 
We have previously seen, whilst discussing the practical 
part of photography, that plates of iodide of silver and 
not of chloride of ^ver are exposed in the camera. The 
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image thus produced is nearly invisible, but becomes 
visible through a subsequent process, named the develop¬ 
ing process. 

In daguerreotypes the exposed plate of iodide of 
silver was exposed to the vapour of mercury. In this 
case the vapour was condensed in fine globules on the ex¬ 
posed places, in proportion to the change caused by the 
light. In the present treatment with collodion, the plate 
is washed over with a solution of gi^een vitriol. This 
mixes with the adhering solution of silver, and precipi¬ 
tates from it'a fine black silver powder, which adheres to 
the exposed places of the plate. 

Therefore, in both cases we have a finely pulverized 
body, which is attracted and retained by the exposed 
places—a mysterious process, as interesting as it is 
practically important, 

From this it appears that it is by no means the 
colouring of the silver salts which renders the image 
visible, but the subsequent developing process. 

If an experiment be made with chloride, bromide, and 
iodide of silver simultaneously, by exposing and develop¬ 
ing them, it is found that chloride of silver gives the 
feeblest picture under the developer, bromide of silver 
a stronger one, and iodide of silver the strongest. There¬ 
fore,' the very body which was most strongly coloured 
by light is the least coloured under the developer, and 
the body which is’ least coloured by the light, viz., iodide 
of silver, is the most coloured under the developer. 

The developing process is of immense importance. If 
it were attempted to produce a picture by exposure in the 
camera without developing, an exposure of hours would 
be required before the impression could be seen. The 
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developing process permits^ under favourable eircum- 
stances, the. impression to become visible after an ex~ 
posure of only one-bundredth of a second. 

Pure iodide of silver was formerly used in photo¬ 
graphy, but a mixture of iodide and bromide of silver is 
now preferred This change was made because it was 
soon perceived that iodide of silver is very sensitive to 
strong light, but by no means so to weak light. For 
example, in taking a portrait, iodide of silver gives the 
light parts in a few seconds with great clearness, such 
as the shirt and the face; whereas the dai’ker parts, such 
as the shadows, the dark coat, etc., are very feebly given. 
But, if some bromide of silver is mixed with the iodide, 
the coating of combined iodide and bromide of silver 
gives a weaker but still intense picture of the clear parts, 
while it gives a much better impression of the dark parts 
than iodide of silver alone. 

The mixture of iodide and bromide of silver is effected 
in practice by adding to the collodion a salt containing 
iodine and a salt containing bromine; for example, iodide 
of potassium and bromide of cadmium. Both are de¬ 
composed in the silver bath. Iodide of potassium and 
nitrate of silver produce iodide of silver and nitrate of 
potadi, and in the same way bromide of cadmium and 
nitrate of silver produce bromide of silver and nitrate of 
cadmium. 

A considerable quantity of the solution of silver 
remains also adhering mechanically ’ to the collodion 
coating. This adherii^ solution of silver is by no means 
a matter of secondary importance; on the contrary, while 
developing, it affords the necessary material from which 
fhe fine silver powder is precipitated. 
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If the developer (for example, a solution of green 
vitriol) is mixed with a solution of silver, the silver is 
precipitated in the form of a fine powder. For green 
vitriol—^protosulphate of iron—readily absorbs oxygen, 
and is changed thereby into persulphate of iron. Accord¬ 
ingly, if a body containing oxygen (for example, nitrate 
of silver) is mixed ivith green vitriol, the latter with¬ 
draws at once the oxygen from the silver salt, and sets 
free the silver. Other bodies that readily combine with 
oxygen operate in like manner; namely, certain organic 
substances, such as pyrogallic acid and others. It was 
formerly thought that green vitriol reduced the iodide of 
silver affected hy light; and this erroneous opinion is 
actually found in some of the most recent works on 
chemistry. It can he easily. proved that this view' is 
false. For, if a plate is exposed and the nitrate of silver 
adhering to it is washed away, and then the developer 
poured upon it, no picture appears, proving that green 
vitriol alone is without action on exposed iodide of silver. 
But if a solution of silver is added, a picture appears 
immediately. 

The solution of silver adhering to the plate plays, 
however, another part. If a plate is washed before it is 
exposed—that is, if all the nitrate of silver which adheres 
to it is removed, and it is then exposed—it will be re¬ 
marked that it is far less sensitive than when the nitrate 
of silver is present. 

This is explained by the peculiar property of many 
bodies sensitive to light. 

There are bodies which in isolation are either not at 
all, or only very slightly, sensitive to light, hut which 
become so in the presence of substances which are able 
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to unite mtli one of the constituents liberated durino* 
exposure to light. For example, chloride of iron is not 
sensitive to light; but chloride of iron dissolved in ether 
is sensitive, because the liberated chlorine unites at once 
eheniically with the ether. 

The same remark applies to iodide of silver. This is, 
by itself alone, sensitive to light, but only slightly; in 
presence of a body which can combine with iodine, it is 
iluickly decomposed in the light. Now, nitrate of silver, 
which reacts with iodine with the greatest ease, satisfies 
this condition; and this explains the greater sensitive¬ 
ness of iodide of silver in the presence of nitrate of silver. 

It follows from this fact, which was first accurately 
determined by the author, that other bodies which unite 
easily with iodine also increase the sensitiveness of iodide 
of silver. 

Among these bodies may be enumerated extract of 
coffee or tea, morphine, and tannin. Such bodies enable 
photographers to prepare what are called dry plates. The 
plates, which are prepared in a silver bath, only remain 
moist for a short time; the adhering solution of silver 
dri^ up, and then dissolves the iodide of silver, so that 
the plate is actually eaten into. It is not therefore 
po^ihle to keep a supply of such plates for any length of 
fame, which would be very useful in travelling. 

But dry plates which may be kept without spoiling 
can be prepared by washing away the nitrate of silver 
adhering to the moist plate, and then coating the plate 
witix a solutaon of a substance having affinity for iodine • 
for example, with tannin or morphine. Such coatings can 
% up without injury to the film of iodide of silver, and 
in thm manner a durable dry plate is obtained. ' The 
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sensitiveness of the plates is considerahly less than that 
of moist plates, hut this is of no detriment in the case of 
objects well illuminated. The development of dry plates 
of this kind is commonly effected with pyrogallic acid. 
This substance is obtained by dry distillation of the gall- 
nut. It has a powerfully reducing action; that is, it pre¬ 
cipitates metallic silver from silver solutions, exactly as 
green vitriol does. 

But pyrogallic acid alone is not able to bring out an 
image on an exposed dry plate, because another sub¬ 
stance is necessary to yield the silver. This substance, 
viz., a solution of silver, is found on the plates themselves 
when they are wet. But in the ea.se of dry plate.s, the 
silver salt has been washed off; therefore mixed solutions 
of pyrogallic acid and nitrate of silver must be employed as 
developer. Finely divided silver is precipitated, adheres 
to the exposed places, and thus brings out the image. 
Nevertheless, dry plates do not give such beautiful and 
secure results as moist plates. 

We have now given an illustration of the photo¬ 
chemical phenomena in the production of a camera 
picture. The essential part of this process—the negative 
process—consists in the developing of an invisible im¬ 
pression made by light by a subsequent operation. 

But all pictures are by no means prepared in this 
way. We have already seen, on the contrary, that the 
pictures on paper are occasioned by the production of a 
visible impression of light, a piece of sensitized paper 
being exposed until it is coloured dark. In this case no 
developing is required. The picture is exposed to the 
light tin it has received the necessary intensity. 

The process is in this case quite simple. The paper 

I 
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contains cUoride of silver and nitrate of silver. The 
former is quickly, the latter slowly, reduced by the light 
to metallic silver, which is separated as a brown powder. 
CWoride of silver alone would only be reduced to sub- 
chloride of silver; but in the presence of paper-fibre the 
process of reduction is carried further, and metallic silver 
is formed. The chlorine set free by the light combines 
immediately with the silver of the nitrate of silver, and 
produces chloride of silver again. This is then decom¬ 
posed hy the light, and a fresh quantity of hrown metallic 
silver is separated. And this process is repeated as long 
as nitrate of silver is present, and as long as the light 
operates. 

Pure chloride of silver alone gives but a faint im-. 
pression, hut in presence of nitrate of silver it yields 
a very vivid image. The picture, in the form in which, 
it is produced hy the light, is not durable—it would turn 
brovTu through the further operation of light on the 
white places; and to prevent this, the sensitive salts of 
sftver still adhering to the paper must he removed. The 
nikiite of silver is removed easily by washing with 
water, for it is soluble in water; hui the chloride of 
silver must be removed hy plugging in a solution of 
hypo-suiphite of soda. This salt reacts with chloride 
of jflver, forming chloride of sodium and hypo-sulphite 
of rilvBt, and the latter combines with the hypo-sulphite 
of soda to form a double salt, remarkable for its peculiar 
sweet taste, which is soluble in water, and can be removed 
bywadimg. 

If a fresli print is plunged in hypo-sulpMte of 
soda. It suddenly c^es its beautifal violet colour—it 
becomes a yelloTOli brown; this tmt. is not liked. 
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It does not interfere with the effect in technical and 
scientific pictures, but is a great drawback in portraits 
and landscapes; so the positive prints are subjected to a 
further treatment, styled the toning procesa They are 
immersed in a very dilute solution of chloride of gold- 
Metallic silver has more affinity for chlorine than has 
gold ; hence it combines with tlie chlorine, forming 
chloride of silver, while the gold is precipitated, giving 
a blue colour to the picture. And this blue, mixed with 
the brown of the picture, gives a pleasant tone, which 
does not change in the fixing-bath; that is, in hypo¬ 
sulphite of soda. 

Accordingly, every paper photograph consists of silver 
and gold, in the proportion of about four parts of silver 
to one of gold; the quantity of both substances being 
very small. In a picture of 44 x 47 centimetres, or 17 
inches by 22, only one-thirteenth of a gi^amme, or about 
one grain, of metallic silver is contained. Its value is 
about one German pfennig,^ and the value of the silver 
in a carte de visite is about one-thirtieth of a pfennig. 
The question may here arise, how it happens that photo¬ 
graphers charge so high for their pictures ? A sufficient 
reply is found in the fact that the price is not determined 
by the value of the materials, but by the labour wliich 
Las been necessary to produce the pictures. It must be 
remembered that a photographer has to make twenty- 
eight operations to produce a negative, and eight to 
produce a positive; that a picture is often a failure; 
that for the one pfennig's-worth of silver in preparing 
a sheet, four-pennyworth of salts of silver must be em¬ 
ployed, and that at the utmost only one-third of this 

^ Aljoiit half an English farthing. 



118 


THE CHEMISTKY OF LIGHT. 


silver can be recovered from the "washings. Nor should 
it be forgotten that the paper itself is valued at three- 
}>ence, that cardboard of the same value is required for 
the mounting, and that further outlay is needed for the 
hire of premises and assistants—aU which circumstances 
certainly justify the price demanded. 

If it is borne in mind that thirty-three times as much 
silver must be employed as that which actually remains 
when the picture is finished, it will be seen that the 
amount of silver consumed annually in photography must 
be enormous. It is valued at about £1,350,000, 
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CHAPTER XII 

ON THE OOERECTNESS OP PHOTOGBAPHS. 

Inflnence of the Individuality of the Photographer—Different Branches 
of Photography—Influence of Lenses, of the Length of Exposure, 
of Colours and Models—The Characteristic Feature iu the Picture 
—Deviation from Truth in Photography—Difference hetween Photo¬ 
graphy and Art. 

((/) Influence of the IncUvuiuctlUy of the Photographer. 

In the previous chapters we have become acquainted 
with the development, theory, and practice of photo¬ 
graphy. We have mentioned cursorily various practical 
applications; for example, the lichtpam It is 

our present purpose to give our special attention to one 
point which is of great import in judging of the value 
of a photograph. 

Most persons have a fancy that the application of 
photography is always uniform, whatever may be tlie 
object to be taken, and, therefore, that a photographer 
who can take a portrait must he able to take equally 
well a machine, a landscape, or an oil-painting. This 
results from the erroneous notion that the picture makes 
itself when the photographer removes and replaces the 
cap of the lens. But our readers know already that the 
picture does not make itself, but that it must be first 
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developed, intensified, fixed, and printed. In all these 
operations there is no precise measure or rule how long 
the photographer should expose to the light, develop, 
intensify,print, or tone his picture; it rests entirely upon 
Ms discretion. He is able at pleasure to bring out more 
or less of the details of a picture by abridging or pro¬ 
longing the exposure, to make a picture more or less 
brilliant by intensifying, more or less dark by regulating 
the printing and toning He must direct his judgment 
as to the correctness of his picture by nature and by 
nature alone. He must know nature, and compare his 
picture with it. Nor is this easy. Nature appears 
positive to him, but in the picture she at first appears 
negative; and if he compares the two, he must be able to 
convert the picture in his mind into a positive, which it 
is afterwards to become. More experience and study are 
required to do this than is generally supposed. 

If two printed proofs are presented to a man who is 
ignorant of the art of printing, one of the sheets in 
question being well and the other ill printed, if the 
defects be not too glaring, this person will not be able to 
detect any difference between the proofs. The' practised 
eye of the printer, however, immediately detects that in 
one proof the type is too thick or thin, or that the letters 
axe faint or uneven. In like manner, a practised eye is 
needed to judge a photograph—an eye not only able to 
oteerve the finest details of the picture, but also the 
peculiarities of the original. The unprofessional man 
often uses the expression, have no eye for it,”—that 
is, I am not accustomed to see such things,”—and it is 
in this manner that we first discover how imperfectly we 
this, the most perfect of our senses. 
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A man born blind, and who recovers his sight by an 
opei'ation, cannot at first distinguish a cube from a sphere, 
or a cat from a dog. He is not accustomed to see such 
things, and must fii^st learn to see. 

We, also, though in possession of sound eyes, are blind 
to all things that we are not accustomed to see; and this 
fact is most apparent in art, as also in photogra^^hy, so 
closely related to it. 

If photographers principally engaged in taking por¬ 
traits are not able to produce a good landscape, the reason 
of this is that they have no eye for landscapes; that they 
consider a picture to be good after too short an exposure, 
or when imperfectly developed and intensified, or when 
badly printed. It proceeds from their not knowing the 
influence exercised by the position and intensity of the 
sun or clouds, without speaking of other points of less 
importance. 

Thus every class of subjects requires a special study, 
although the mere manipulation remains in all eases the 
same. There are photographers whose proper province 
is portraiture, and others devoted to landscapes, to the 
reproduction of oil-paintings, etc. 

(6) Influence of the Object, of the Apparatus, and of 
the Process. 

The remark is frequently made by admirers of photo¬ 
graphy, that this newly invented art gives a perfectly 
truthful representation of objects, understanding by the 
term truthful • a perfect agreement with reality. Photo¬ 
graphy can, in fact, when properly applied, produce truer 
pictures than any other art; but it is not absolutely true. 
And, as it is not so, it is important to become acquainted 
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some of the many sources of inaccuracy. I shall 
treat here especially of optical errors. 

The lenses which are employed in photography do 
not always give absolutely true pictures. Suppose, for 
example/that an image of a square is formed hy a simple 
lens; the sides of the image will often he curved, as in the 
aecompanying diagrams, though not so markedly. A pic¬ 
ture taken with such a lens, in which straight lines come 
out as curves, is evidently inaccurate. The inaccuracy 
may not be perceived by many, but it exists. It may per- 



Fig. 50. 


hap® be ^pected that this defect disappears in the case of 
what are called correct lenses, hut let the attempt be made 
to obtain a picture with these correct lenses of lofty build- 
taken from a low position. The lines that ought to 
be perpendicular commonly converge upwards. -This is 
caused by the photographer being obliged to direct his 
camem upwards, in order to he able to take in a view of 
the whole building, and thus the perpendicular lines are 
represented as convergent. To avoid this defect, lenses 
have hmx made with, a very large field of view. These 
are called ^nfr^eopic; but they reproduce distant objects 
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apparently on a very small scale, and objects near at hand 
on a very large scale—^peculiarities unnoticed by unpro¬ 
fessional persons, but detected by close observers of 
nature. 

A remarkable phenomenon, exciting the wonder of the 
uninitiated, is the distortion of spheres in photography. 
Let the reader imagine a row of cannon balls: these will 
always appear spherical to the eye, and an artist would 
always draw them as spheres; but if they are taken 



with a lens with a large held of view, the outside balls 
no longer appear circular but elliptical. 

To explain this phenomenon, we must attend once 
more to the mode in which the picture is produced. Let 
it be conceived that there are three balls A B Cm front 
of a camera E, with the lens o (Fig. 51). Each ball pro¬ 
jects a cone of rays on the optical centre of the lens, and 
an inverted cone is formed within the camera, and cuts 
the surface of the picture, if its axis falls obliquely upon 
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it, in the form of an ellipse, such as A and G. It is only 
when the axis of the cone of rays is perpendicular to the 
surface of the picture 8 8, as at that the image appears 
a circle. This defect, however, only occurs when the field 
of view of the lens is very large, and the halls are 
situated very near its border. 

A photographer once brought to the author the pic¬ 
ture of a castle having a row of statues in front of it, 
which he had taken with a lens having a large field. 
Curiously enough, the heads and bodies of the statues 
towards the margin of the picture became broader and 
broader; and the slim Apollo of Belvedere, which un¬ 
fortunately stood on the very margin, had such full-blown 
cheeks and so protuberant a paunch, that he looked like 
Dr. Luther. 

But, quite independently of these considerations, 
there is another point that must materially affect the 
accuracy of photographic representation. Photography 
generally gives the light parts too light, and exaggerates 
tire dark shadows. This is a natural fault, which it is 
very difficult to avoid. It is seen in the most apparent 
manner in taking objects lighted by a brilliant sunlight; 
for example, a statue. If the exposure is short, a detailed 
picture is obtained of the light side, but the shady side 
is a hkck blotch. If the exposure is long, the shady 
side is full of detail, hut the light side exposed too much, 
and so deeply coloured that the details are wanting in it, 
Hence photc^raphers, in order to obtain correct pictures, 
are oMiged to avoid strong contrasts of light and shade 
in their models far more than would be thought de¬ 
sirable by artisis. The latter often exclaim when they 
see. the illummation of a model, and .are surprised when 
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the picture is correct. And, no doubt, in the- case of 
landscapes and architecture, the results are not always 
satisfactory. 

The author once took a photograph of the interior of 
a laboratory which had a yaulted roof. All was excellent. 
The tables, furnaces, retorts, lamps, etc., were all seen, 
only the vaulted ceiling was quite dark. New attempts 
were made, with exposures of 20,30, and 40 minutes. At 
length a ti'ace of the vault appeared^ but now the objects 
near the window were suffering from too much exposure; 
that is, they had become as white as if they liad been 
snowed over. This circumstance, that photography ex¬ 
aggerates the dark parts, appears again in yery simple 
niattem, such as the reproduction of copper-plate engrav¬ 
ings. A photographer once reproduced a painting of Kaul- 
baclf s Battle of the Huns.'' He produced a charming 
photograph, bxit the city in the background appeared too 
thick and black, and not soft enough. The customer 
refused the photograph and demanded another. The 
photographer made another attempt, giving a longer ex¬ 
posure, and now the distance appeared softened down; 
but, unfortunately, the objects close at hand, which had to 
appear black and clear, turned out grey. In the end, the 
photographer escaped from the difficulty by retouching 
the negative. These are quite ordinary examples to show 
how difficult it is to reproduce an object correctly. 

But we come now to the worst point, the colours. 
Photography gives, the cold colours—blue, violet, and 
green—too light, and the wai’m colours too dark. Take 
as an instance the photographs on sale of ''A Sunset on 
the Ganges," by Hildebrandt. It represents a red glow¬ 
ing sun with clouds of chrome yellow on an ultramarine 
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sky. But what becomes of all this in the photograph? 
A black round disc between black thunderclouds. It 
looks like an eclipse at Aden. The diiSculty of repre¬ 
senting nature is still more patent when the photographer 
attempts to grapple with higher artistic themes. Let ns 
take an example. There exists a pretty genre picture 
called A Mother’s Love.” A young mother sits reading 
in an armchair; her little darling embraces her suddenly 
from behind, and, delightfully surprised, she drops her 
hand with the hook, turns to look at her little pet, and 
offers him her cheek to kiss. 

A photographer was inspired with the idea of pro¬ 
ducing a similar picture with the help of a living model, 
He found a comely maiden, who agreed to personate the 
mother, and a good-looking boy was also found An 
armchair for the mother, a chair, and other suitable 
furniture were easily procured. The next point was the 
grouping. The pseudo-mother was very accommodating 
to the requirements of the photographer, and even assumed 
a look which, for want of a better, might pass as the 
expr^on of a mother’s love. But the boy was not of 
the same mind. He was by no means attracted by the 
pseudo-mother—he protested against coming near her, 
and a good cuff was needed to make him take up the 
reqmmte position. Time was thus lost. The mother 
began to feel uncomfortable in the irksome position, 
straining her neck The photograph was taken at last, 
and turned out sharp and without spot or blemish. The 
models were dismissed to their great satisfaction. What 
was the result % The hoy was embracing his mother with 
a face bearing evidence of the cuff he had received, and 
with a look as if he would have liked to murder her ; 
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and she regards him "with an expression that seems to say, 
diaries, you are very unmannerly,” and appears greatly 
annoyed that her pleasant reading has been interrupted. 
Can it be said that a picture of this kind correctly ex¬ 
presses the intention of the artist? Does the picture 
thus produced correspond accurately to its name, 
Mother’s Love ” 1 The untruthfulness of such a picture 
will be evident to every one. 

Thousands of pictures of this class are offered for sale. 
About ten years ago errors of this kind were committed 
by the thousand in stereoscopic views, and if they meet 
with approval this must be referred exclusively to the 
had taste of the public. It may, however, he said in this 
case it is not the photographer who is guilty, but the 
unwilling models. 

Nevertheless, it is this very circumstance that throws 
such immense difficulties in the way of taking good 
photographic portraits. Many persons by no means wish 
that their characters should he correctly given. The 
rascal wishes to appear an honourable man in his picture; 
tottering old men desire to seem young, foppish, and 
lively; the maid-servant plays the fine lady, the trades¬ 
man’s daughter would he a court lady, the crossing- 
sweeper a gentleman. Thus the picture serves them only 
as a means of flattering their personal vanity; and, in 
order to appear very noble and distinguished, they put 
on a Sunday dress, often borrowed and a very bad fit. 
They practise at home, moreover, before their looking- 
glass, in the presence of papa, mamma, wife, or lover, atti¬ 
tudes impossible in an artistic point of view. Even culti¬ 
vated persons are not exempt from these absurdities. 
Thorwaldsen relates of Byron, who gave him a B'eawie: 
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sat down opposite to me, but assumed, immediately 
I commenced, a perfectly different expression. I called 
his attention to this. ' That is.the true expression of my 
face/ replied Byron. ^Indeed/ I rejoined, and then made 
his portrait exactly as I wished. All persons declared 
my bust to he an excellent likeness. But Lord Byron 
exclaimed,' The bust does not resemble me; I look much 
more unhappy.’ The fact was that at that time he 
wished to look intensely miserable,” adds Thorwaldsen. 
The photographer is even in a worse case. If Byron had 
come to a photographer and had presented his face of 
misery to the camera, what could the photographer have 
done ? He is unfortunately dependent on the model, and 
many models leave Mm in the lurch at the critical moment, 
often not intentionally, hut from nervousness or inadvert- 
eace. Much depends here on the influence of the photo¬ 
grapher, who must know how to control his sitters with 
a>urtesy; many portraits, however, fail without any fault 
on his part. The author has often witnessed how persons 
of hfe acquaintance, at the moment of being taken, assume 
quite a strange expression without being in the least 
aware of ii 

There are still more, characteristic cases of photo¬ 
graphic inaccuracy which cannot be attributed to the 
inodda Let us suppose that a photographer, stimulated 
by the h^utfful pictures of Claude, Schirmer, and Hilde- 
brandi, wished to photograph a sunset He evidently 
can mfly expose his plate for a moment to the dazzling 
bright sum What sort- of picture is the result? A 
round white blotch and some shining clouds are all that 
appear clearly. All objects in the landscape—trees, 
houses, and men—have had too short an exposure, and 
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form a black mass. Tbere, where the eye clearly distin¬ 
guishes road, village, forest, and meadow, it sees in the 
photograph nothing but a dark patch without any out¬ 
line. Is such a picture true ? Even the most fanatical 
enthusiast of photography wiU not dare maintain this. 

Cases where violent contrasts of light and shade make 
the production of a correct picture quite impossible, are 
countless in number. Let any one examine the majority 
of the photographs of the white K5nigsdenkmaal in 
the Thiergarten at Berlin. The monument is excel¬ 
lently given, but the background of trees is a confused 
black mass, without details, without shades of tone; the 
architecture and other features are there, all except the 
splendid foliage that delights the eye at that spot. Still 
more numerous are the photographs of rooms, in which 
the dark corners, quite discernible to the eye, present 
nothing but pitch-black night. 

There are other cases besides these of photographic 
incorrectness. Suppose we are looking at a mountain 
landscape. A small village, enclosed on both sides by 
woody hills, occupies the centre, its houses extending 
along the declivities and scattered picturesquely among 
the trees. A ridge of finely broken mountains in the 
background, their summits shining in the setting ^ sun, 
completes the wonderful picture, whose effect is only 
injured by one object—a ruinous pigsty close to the 
spectator, with a dung-heap beside it. An artist, who 
wished to paint this scene, would certainly have no 
scruple about altogether leaving out the pigsty, or 
leaving it so indistinct and dark that it would not injure 
the landscape. But what is the photographer to do ? 
He cannot pull down the offending object. He seeks 
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another position; but there the greater part of the land¬ 
scape is concealed by trees. He ends by admitting the 
pigsty, and ^vhat Imd of picture is the result ? On 
account of its vicinity, the pigsty appears of colossal size 
in the picture. On the other hand, the landscape, which 
is the principal thing, appears small and inconsiderable. 
A still more fatal adjunct is found in the dung-heap 
occupying almost one-fourth of the picture. As the 
most brightly lighted part of the photograph, it imme¬ 
diately attracts the eye of the beholder; it diverts his 
glance from other important points. The photograph 
obtained does not appear to.be a picture of the landscape, 
as intended, hut a view of the pigsty. The accessory has 
become the principal point. The picture is untrue. It 
is untrue, not because the objects it represents were not 
present in nature, but because the accessories are pre¬ 
sented too glaringly and too large, while the principal 
futures appear too small, indistinct, and inconsiderable. 

This brings us to a weak point in photography. It 
represents accessories and principal features as ec[ually 
defined The plate is indifferent to everything, while 
the genuine artist, in reproducing a view of nature, gives 
prominenee to what is characteristic, and entirely keeps 
under or softens off accessories. He can dispose and 
manage his picture with artistic freedom, and he has a 
perfi^ right to do so, because, by his giving prominence 
to what is characteristic, and dropping what is accessory, 
he is truer than photography, which gives equal promi¬ 
nence to both, and often more to what is accessory. 
Reynolds says of the portrait of a lady in which an apple- 
toe wm most carefully painted on the background: That 
m to picture of an apple-tree and not of a lady,” 
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Similar remarks might he made on seeing many photo¬ 
graphs. It is a cardinal error in their case, that they 
give a stronger tone to accessories than to essentials. 
They present a conglomerate of furniture, and it is only 
after careful inspection that a man is detected among it 
whose portrait should form the picture. In another case 
a quilted white blouse is seen, and it is only after some 
time that a girl’s head is perceived rising above it. A 
park is seen in a landscape, with fountains and other 
aclormnents, and it is only after some time that a black 
coat is seen confoxmded with an equally dark hush. 

It may perhaps excite surprise that the writer ascribes 
greater truth to painting than to photography, which is 
generally regarded as the truest of all methods of pro¬ 
ducing pictoes. It must he self-evident that this remark 
can be made only of the works of masters. One of the 
great services of photography is that it has rendered im¬ 
possible those daubs of inferior artists formerly offered for 
sale in every street. Bnt the perfect picture of the pho¬ 
tographer is not self-created. He must test, weigh, con¬ 
sider, and remove the difficulties which oppose the pro¬ 
duction of a true picture. If his picture is to he true, he 
must take care that the characteristic is made prominent 
and the accessories subordinate. The photographer at¬ 
tains this end, on the one hand, by appropriate manage¬ 
ment of the original; on the other, hy a proper treatment 
of the negative. To do this he must of course he able 
to detect what is characteristic and what accessory in his 
original. The sensitive plate of iodide of silver cannot do 
this. It receives the impression of all that it has before 
it, according to unchangeable laws. 

Therefore, whoever wishes to he successful in photo- 
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grapliy must first become familiar with the object that 
he wishes to take, that he may know what he has to 
do. The photographer will not, indeed, be able to 
control his matter like the painter, for the disinclina¬ 
tion of models and optical and chemical difficulties often 
frustrate his best endeavours; and hence there must 
always be a difference between photography and a work 
of art. This difference may be briefly summed up by 
saying that photography gives a more faithful picture of 
the form, and art a more faithful picture of the character. 
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CHAPTER Xril 


LIGHT, SHADE, AND PERSPEOTOTi. 


The Difference between the Picture and Heality—Effecfc o£ Shade— 
Perspective Foreshorteninga—Effect of the Position of the Spec¬ 
tator—Influence of Distance—Influence of the Height of the Eye. 


In the previous chapter, while treating of the incorrect¬ 
ness of photographs, we tacitly assumed that it is possible 



to give a true picture of an 
object, if not by photography, 
yet by the hand of a skilful 
artist. 

We will now see how far 
this assumption is admissible. 

Let the simplest case be 


Pig. 52. taken; for example, a cube 


or a cylinder. Let these be drawn, and figures will ^ 
obtained nearly identical with those marked X and R in 
the diagram. How, these figures are flat like the paper, 
while the originals are soHds. It may be said that 
picture and solid agree; but it is not so. Let a blind 
man be questioned, who knows the bodies by touch 
only. How, the cube can be moulded in marble or plaster, 
and then the deception—for such it is—can be earned to 




132 


THE CHEMISTRY OF LIGHT. 


great lengtls. The wood of the cube or of the cylinder 
can be imitated by painting. The eye will readily pro¬ 
nounce such imitation to be wood. The blind man, who 
feels both, wdL say: The form agrees, bnt not the mass - 
one cube, that of wood, feels warm j the other, that of 
stone, cold. 

The principles that apply to these two objects apply 
to aU objects and their representations. No one of them 
is a perfectly true copy of the object. When the surface 
representation makes on our eye the impression of a solid 
object, this is an illusion by which our eye suffers itself 
to be deceived. 


If two rectangles A and £ 
are drawn on paper, both appear 
m plane figures. But directly 
me of them B is shaded with 
thinner or thicker lines, the rect¬ 
angle no longer appears flat, but 
cylindrical. Thus, by imitating 



Fig. 53. 


the gradation of light and shade, we have produced a 
deception for our eye. This division of light and shade 
m one of the most important means of producing an 


appearance of solidity. 


But there is another and a more important means of 
deception—perspective. 

if we observe the cube (Fig. 52), the faces of which 
are eqiial, we perceive that these face^ appear of very 
diSerent length* The surface turned towards our eye 
appears a square, while the others are shortened in a 


marked degree, the surface appearing quite irregular, the 
parallel lines running together and converging to one 
point a, called the vanishing point. The same thing 
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happens with all other "bodies: a human arm hanging 
do^TO or a standing column (Fig. 52) appear at their 
full length, "but the lying column i, and the arm extended 
towards us, appear foreshortened. Their dimensions are 
contracted; in short, we see, instead of the shaft of a 
column, only its chcular base 5, and this, again, appears 
sometimes round, when its full surface is turned towards 
us, at others an ellipse, which it is not in fact, and in this 
case the parallel sides of the column converge. The track 
of a railroad viewed in perspective presents the same 
features. The fact that we do not feel this deception— 
for such it is—^to be one, results from habit. 

We know from experience that the arm extended 
towards us is longer than it appears, in perspective, to 
our eye, and also that the rads which appear to run 
together are parallel. We are continually correcting the 
eiTOrs of our sense of sight. The eye gives us a false 
representation of objects, and the painter takes advan¬ 
tage of this circumstance. He represents the lying 
column L 5, and the sides of the cube, as falsely as we 
see them—^that is, ''foreshortened ” in their dimensions, 
with their parallel lines converging—and every one is 
deceived by this. 

It is the task of the artist as of the photographer 
to represent perspective correctly; that is, as it appears 
to our eye. If this is not the case, the picture appears 
incorrect. 

Perspective teaches us the laws of foreshortening. 

Our eye is a camera ohscura with a simple landscape 
lens. It is known from optics, that the image of any 
point lies on the straight line di'awn from the point to 
the optical centre of the objective, at the place where this 
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line, named the principal radius, cuts the plane of the 
image—the ground-glass screen of the camera or the 
retina of our eye. The image of a straight line is the 
place “where the rays from each point of the line, passing 
through the optical centre, cut the ground-glass screen. 
Now, these rays form a plane, and this plane cuts the flat 
screen in a straight line. Therefore the image of a 
straight line is to onr eyes another straight-line, and the 
image of a plane triangle another plane triangle. If 
the flat figure is parallel to the retina, hy well-known 
stereometric laws the image is like the original. Let the 
reader imagine a glass slab placed perpendicular to 



the axis of his eye; then the rays or pencils of light 
i^ing from this object a h o d will cut it so as to form a 
figure a' V d d (Fig. 54). If such a figure is drawn for 
a ^Yen point of intersection, this drawing, if brought to 
a proper position and distance from the eye, will produce 
on it exactly the same impression as the object itself 
This m the secret of the solid appearance of plane pictures 
properly ODnstmcted. A picture made in the manner 
just dwrihed is named a drawing in perspective. It is 
tvident that such a drawing must be viewed under the 
same conditions as those in which it was designed. 

If A B O D ^ig. 65) is the outline of a house, B the 
picture, 0 the point of intersection of the rays, and ah od 
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the image of the points A S C JD, the eye must he 
brought exactly to the point of intersection 0 if the 
representation in perspective a h g d is to produce the 
same impression as the object. 

If the picture is brought 
nearer to the eye (for example, 
to £'), it is evident that the 
rays will intersect at a very 
different angle from those 
issuing from the object A B 
0 D; accordingly, they can¬ 
not produce a correct impres¬ 
sion. The same thing would 
be the case if the picture were 
removed farther from the eye (e.g. to B'), Therefore 
every drawing in perspective must be viewed from the 
point of intersection of the rays adopted as the basis of 
its construction, if it is to produce a correct impression. 

Now, photography is a drawing in perspective whose 
point of sight is in the objective. Accordingly the in¬ 
specting eye must be brought to the same distance as the 
objective; that is, to the focal distance. If this is not 
done, the impression is untrue. 

We have lenses with a focal distance of only four 
inches, and even less; and at such a distance it is im¬ 
possible to see a drawing with the unaided eye. To do 
this it must be held at the distance of at least eight 
inches, and that is the reason why photography in such 
cases produces an untrue impression. This is often the 
case with views taken with lenses of great aperture. 

There are other abnormal appearances which accom¬ 
pany portrait taking. Thus, the same object gives an 
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entirely different picture according as it is viewed from a 
greater or less distance. Let the reader conceive a pillar 
with the outline ABC D, let it be viewed from P; m 
this case the faces A B and G J) will be perfectly seen. 
Now let the spectator approach nearer to the object; for 
example, to 0. From this position nothing is any longer 
seen of the faces; the entire character of the picture 
becomes changed. If instead of a pillar a human face 



Pig. 56. 


be thought of/it is evident that the cheeks will contract 
if we approach the object, and the face appear too narrow 
in proportion to its height. 

The accuracy of this conclusion is proved by the 
following illustrations. The two representations (Fig. 57) 
of the head of Apollo were taken at the distance of 47 
and 112 inches * The bust was placed perfectly-upright, 
also the photographic apparatus, and the directing line 
was most carefully arranged. 

The contrast is obvious. The whole figure appears in 
1 slimmear, tbe chest almost contracted; on the other 
hand, the same model II. appears with fuU cheeks and 
aqimre shoulders. That this slimness is by no means a 

♦ In order to Becnre a correct reproductiott of botli, they were 
reproduced upon wood by a process of pbotograpUio wood engraving. 
The reprodncfeon does not give tbe same impression as the original, but 

ia sufficiently intelligible to the careful observer. 
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Hiere deception of the eye may ascertained by measure¬ 
ment.^ 



The distances between the eye and the point on the 


* In the original photograph, where the two bnsfcs stand out from a 
black background, this difference is still more marked. 


Fig. 57. 
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chest marked by a cross are exactly equal in both busts 
—the greatest breadth of chest, including the arms, 
amounts in I to 56 millimetres, and in II. to 59 milli¬ 
metres. Quite independently of this glaring difference, 
there are other marked distinctions between the two 
heads which strike a careful observer. Let a line a a be 
tirawn across the top of the hair—in II it is horizontal, 
in L it inclines to the right. 

Next let attention be directed to the pedestal. The 
curves in I. are strongly inclined, and in II. are quite 
horizontal. 

Let the ends of the arms A A he next considered. 
In I the side surface is scarcely seen, and in II. it is very 
apparent. In like manner, it is clearly seen that the 
hack pedestal at u stands out more in 11. than in I. In 
11. the head stands more between the vshoulders (let the 
angle of the neck be observed at F"); in I. it rises up 
more; therefore the whole form appears in I. to raise up 
the head In IL the head appears somewhat bent for¬ 
ward; and yet the figure was immovable, the lenses 
employed from flaw, the direction and height were 
the same in both. Nothing was different but the dis¬ 
tance. 

The author, besides taking these two heads, has taken 
two others at the distance of 60 and 80 inches; and if 
the four heads thus taken are placed beside each other, it 
is seen how with the increase of distance the form he- 
cepiP fuller and more thickset; how the hair sinks more 
and more; how the ellipses of the pedestal become flatter; 
how the chest increases in width, and the stumps of 
the arms stand out. 

Thus, therefore, we see very different views of the 
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same object at different distances; just as the same 
portrait placed in different lights expresses an entirely 
different character. 

It may be objected that these are small matters, and 
that it is indifferent -whether the statue looks a little too 
thin or too stout. To many this may appear unimpor¬ 
tant in the case of Apollo—most persons do not know in 
the least how he looks. But it is a different matter in 
the photography of portraits, when the personality of the 
customer himself is in question. Persons quite untutored 
in art have a very quick eye for their own physio¬ 
gnomy—a line, a wrinkle, an outline, a curl, are in this 
case criticized, and differences that would not be at all 
remarked in the picture of Apollo become very striking. 
It is therefore the duty of the photographer to attend to 
the effects of distance. 

Now, many persons would perhaps wish to know 
which distance is the best; which gives the most correct 
picture. 

We might reply that this depends on the individuality 
of the person. Painters in general recommend for the 
drawing of an object a distance that is twice its own 
length; accordingly, for a man six feet in height, a 
distance of about twelve feet; for his bust, about five 
feet. The painter, however, has here greater freedom; 
he can add, omit, and alter at his pleasure. In photo¬ 
graphy this is only partially possible. 

The appearance of hollow bodies is as much altered 
by distance as that of solids. 

li A B 0 B (Fig. 68) is the inside of a box, we should 
see the side A B much more foreshortened from the 
distance P than from 0^ or W; therefore, its picture 
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taken at short distances wiE show it wider in. proportion 
to its height than if taken from a more distant point, The 







te'i) 


O' 

Ifig. 5a 



same tiling occurs if \ye imagine A: C to be the trunk, and 
GB the lap or the feet of a seated person. In that case 
the lap appears much larger in relation to the trunk, and 
the feet of a standing person appear longer from the shorter 
distance. Let the reader observe, for instance, the foot 






of the Apollo in I, (Fig. 57), which is much more promi¬ 
nent than in IL Lastly, let 0 B (Fig 58), be supposed to 
be the or ground; this will appear wider—^that is, 
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rising higher—seen itom If. Therefore, if the same 
person is taken from different positions, P and 0\ so that 
the height of the body remains the same in both pictures, 
in that one taken at the shorter distance the prominent 
parts—lap, hands, and feet—appear wider, and the ground 
or chair more inclined (Fig 59) than in the picture taken 
from P. 



Eig, 61» 


Very important changes result from an alteration in 
the height of the spectator’s eye. 
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If a standing person is looked up to, so that the head 
of the spectator is lower than the head of the object, the 
latter appears thrown back. If the head of the spectator 
is on a level with the head of the object, the latter 
appears perpendicriar; if the spectator is higher, the 
head of the object appears inclined forward. 

The three accompanying diagrams, taken from photo¬ 



graphs, will make this evident. The first shows the view 
taken on the same level, the second taken from above, the 
&ird from below. 

Similar differences occnr in viewing a landscape from 
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a liigh and from a low position, as may be seen from 
the three woodcuts on next page. The dotted hori¬ 
zontal line shows the height of the eyes of the spectator 
(his horizon). The first picture gives a view as a person 
sitting on the ground would see it ; the milestone on the 
left appears unusually high, towering to the sky, and 
the men appear taller, but the ground looks contracted 



(foreshortened). The second picture gives the view as 
seen by a man standing erect: in this case the ground 
widens out, rising higher, and the milestone appears 
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lower. In the third picture, which gives the view from 
twice the height of the man, the figures and the mile¬ 
stone appear small and contracted. They appear 
persons who are smaller than the spectator, while the 
ground widens out and rises considerably in the picture. 
These examples show how important is the choice of 
position both in photography and painting, and how an 
incorrect choice produces quite an abnormal picture. The 
photographer is unfortunately often obliged to take a 
position tliat does not give a favourable view, for example, 
of lofty buildings in narrow streets (the Kathhaus in 
Berlin, St. Stephen’s at Vienna), or among mountains, 
where often the timnk of a tree, which does not ofiend 
the eye of the spectator, destroys the picture of the 
photographer, and forces upon him the choice of a less 
picturesque but unincumbered locality. 


L 
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CHAPTER XIT, 

THE APPLICATIONS OF PHOTOGRAPHY. 

We have hj this time learnt the difiBculties of obtaining 
a correct photographic picture; and the reader is now 
capable of examining the various problems attempted by 
photography. 

We shall carry this examination only so far as is 
necesssary for the comprehension of the subject, and is 
of general interest to every one. 

Section L— Poeteait Photogeaphy. 

Poptilarity of Portraiture—^j^Estlietical Defects—Dependence of Success 
on the Person to be tahen—^EHecfc of Dress—^Effect of Colours— 
Pictures of C^iildren and Groups—Effect of the Size of the Picture 
—Life-mze Pietures—^Instantaneous Pictures—Photographic Copies 
of Photographs. 

Scarcely any other branch of photography has enjoyed 
so much popularity as that of portrait-taking. Most 
persons understand by the term photography only the 
art of portraiture, and few only are aware that it can be 
used for any oilier purpose. The photographic portrait 
ow^ its popularity to its extraordinary cheapness, to the 
rapidity of execution, and to its relatively greater re¬ 
semblance when compared with drawings from nature. 
Photography, with all its imperfections, caij. reckon, on 
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aceoEnt of these circumstances, on greater support than 
the drawing of an artist; and the^more so as a false 
belief exists that photography is invariably accurate, 
which is by no means the case, as we have already seen. 

Photographic portraiture having driven the trade of 
portrait-painting out of the field, the genuine artist only 
is able to hold his own against it. This branch—^por¬ 
traiture—more than any other depends on the good taste 
of the operator—on his power of giving a natural or at 
least apparently natural position to the sitter, concealing 
as far as possible all personal imperfections. He must 
by clever manipulation of tbe light he able to give 
prominence to the essential points and leave indistinct 
those parts which would injure the effect of the picture. 
To this end the photographer is able to include the 
surroundings of the person, be they a chamber or a 
landscape, or to exclude them by screens. 

In the first period of photography the pictures were 
commonly crammed with accessories, and incredible 
errors were committed with relation to position and 
light; but now the more advanced photc^raphers have 
taken hints from artists, and latteiiy pictures are seen 
which, notwithstanding the mechanical character in¬ 
herent in their production, create quite the impression 
of art. 

The model—^that is, the person to be taken—has a 
very essential share in the work of photography. Not 
unfrequently persons go to a photographer in a very 
morose frame of mind, or they lose their patience at 
some delay or other; it also often happens that people go 
who are slightly unwell—^with headache or a bad night’s 
rest. This is a great mistake; the bodily or mental 
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eonditioE stamps itself infaUiUy on the picture, and 
often gives it an expression unlike the original, even 
after the photographer has used all his art upon it. In 
like manner it very frequently happens that persons at 
the moment of being photographed put on a perfectly 
strange expression, force a smile, stare, let the mouth fall 
open, or are disturbed by the iron rests which keep the 
head steady, and are quite essential if a weU-^defined 
picture is desired, hut which are only submitted to under 
protest by the model, who fancies he can sit motionless 
without such aid. 

None of these influences can be set aside by the 
photographer. The persons who present themselves to 
have ■their portraits taken are for the most part unknown 
to him. He has often only five minutes to study their 
faces, to find their best side, and to place them in accord 
•with the surroundings. He probably attends to these 
matters as skilfully as any one, yet he has no power 
over the features of the original. Nor has he any idea 
whether the expression of a person is his usual one, or 
happens to he modified by iU temper or ill health. In 
the latter case it is impossible for the picture to please, 
however masterly may he the execution; yet the fault 
mot with the photographer but -with the original. 
Another cause of failure is that many persons insist 
upon dioosing their own position, whether of their own 
awrd or prompted by friends. All attempts to make a 
good picture under such circumstances will generally fail, 
became the errors in perspective previously enumerated 
are overlooked People in general do not know this, 
but the photographer does. Other inconveniences result 
from the very mature of photography. Blue eyes are 
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generally too light and dim, Wonde or auburn hair too 
dark. Many of these difficulties are removed by clever 
retouching, but by no means all. ’ 

Still greater are the hindi'ances which the toilette and 
the caprices of fashion furnish. Bad taste in dress is 
more visible in photography than in nature. Ladies 
deficient in taste frequently make their necks, which are 
naturally short, appear still shorter and thicker by neck¬ 
laces. They disfigure a form, perhaps naturally excellent, 
by long trains; the back of their head by an ill-chosen 
chignon'; and their hair by ribbons of the brightest and 
most glaring colours. In these cases the photoginpher 
can do much service by his good advice. The difficulties 
are even increased if groups or children are in question. 

Children must be amused: and if the photographer 
wishes to succeed in taking children’s portraits, he must 
know how to win their confidence; this is the reason 
why many photographers achieve such success in this 
sphere, and others fail As a child can never he long 
quiet, he must he taken as quickly as possible; such 
portraits therefore can only he taken in fine weather. 

The same remark applies to groups of many jiersons. 
No photographer has twenty or thirty head-rests at his 
disposal, he is therefore frequently reduced to the neces¬ 
sity of trusting to the good-will of his sitters for not 
moving. Those groups are very ugly which show a row 
of persons sitting beside each other like so many pagodas. 
The clever photographer therefore fixes the attention of 
his sitters by some occupation, such as looking at an 
album, eating, drinking, or card-playing. These persons 
must then of necessity assume various positions, some 
showing their front face, others their profile. The differ- 
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ences of complexion and dress in groups present great 
diflaculties. Thus the exposure which, suits fair faces will 
be too short for the dark. But as all must have the same 
length of exposure, it is not surprising that many parts 
of the picture appear under and others over exposed. 

From these causes, no one can expect to appear to so 
great advantage in a group as in a separate portrait • if it 
happens so, this must he ascribed to chance. 

It is usual for people to expect too much or too little 
from photographic groups. Your companion in the group 
is commonly well satisfied if his own portrait suits his 
fancy, quite forgetting the ungraceful arrangement of the 
rest, CH* the want of sharpness of his neighbours, who do 
not interest him so much. 

Gentlemen ought to wear dark clothes. Light trousers 
and white waistcoats often appear in pictures as white 
patches, destroying the efiect of the whole, for the princi¬ 
pal light ought not to he concentrated on such accessories 
but on the head. Ladies, in choosing their toilettes, 
generally overlook the abnormal action of colours. On 
the occasion of tlie triumphal entry of the Emperor and 
the German army into Berlin,"in 1871, the young ladies 
chc^n to grace the ceremony were afterwards photo¬ 
graphed in their white dresses trimmed with blue, and 
were not a little surprised that, in the picture, the blue 
trimming was as white as the dress. Blue often becomes 
white in photography, though there is an exception in 
the case of the blue uniform of the Prussian infantry. 
On the other hand, yellow and buff become black; the 
same remark applies ^ red. The photographer can, by a 
careful treatment of the negative, in some degree counter¬ 
act this defect in case the clothes are of uniforia colour. 
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The many-coloured toilettes, however, now in fashion, 
produce a disastrous effect. Materials whose beauty 
consists in variety of colour, it is evident, cannot make 
the same impression in photography as in nature. 

Persons of dark complexion, also those who are stout, 
should prefer dark clothes. It is web. known that white 
clothing increases in appearance the size of the figure. 
Thin and pale persons are advised, on the contrary, to 
wear light clothes, as a pale complexion would appear 
even paler when contrasted with black. Light clothing 
is always to be recommended for children. Materials 
should be chosen which by their lustre make a rich and 
picturesque impression; for example, satin, ribbed sOk, 
taffeta, and silky materials. Woollen stuffs appear for 
the most part dull and lustreless, but they give very good 
effects as drapery. Persons with short and thick necks 
would do well to avoid high shirt collars, which make 
the neck appear still shorter. Ladies with similar attri¬ 
butes must lay aside velvet, ribbons, and such things 
around the neck; while persons of long necks will be 
improved by such ornaments. 

The weather, the season, and the time of day present 
serious difficulties in photography. The days in winter 
being considerably shorter and darker than those in 
summer, commissions at Christmas are very inconvenient. 
Eainy days in winter are for the most part useless for 
photography; in summer they are light enough. The 
hours immediately before and after noon are the most 
favourable, as we have already stated in our chapter on 
optics. 

Besides the clearness of the weather, the amount of 
light admitted by the instrument is an important matter. 
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Tlie brighter the image produced by the lens is, the 
shorter will be the time necessary for a sitting. The 
greater the diameter and the shorter the focal length of a 
lens is, the more brilliant is its image. But it is by no 
means possible to increase the diameter or diminish the 
focal distance as much as you please, for optical defects 
in the lenses, which have not yet been overcome, stand in 
the way of this. The best lenses hitherto constructed 
(portrait lenses) only produce small pictures of cartes de 
visite, or at most of cabinet size. Larger pictures can bo 
produced only by lenses giving weaker images; therefore 
they req^uhe longer sittings^—a circumstance that makes 
the operation more difficult in cloudy weather or with 
restless models (as children) than the preparation of 
waller pictures. 

Accordingly, the latter show, on the whole, a greater 
technical perfection. As they are also very cheap, it is 
natural that the small cartes de visite, introduced by 
Disderi at Paris, have attained a general popularity, and 
given rise to a new kind of album, displaying the portraits 
of friends instead of poetry, and almost entirely supplant¬ 
ing the old scrap-book. 

We can only approve of the modern album with its 
light-drawn likenesses of those we love or respect. We 
do not however like to see cartes de visite hung from the 
wall, Ihey are too small to have any effect, and their frames 
are tcK) insignificant. 

Photography, likb engraving, is an art that succeeds^ 
on a small scale, pictures of more than quarter life- 
rize cannot easily be taken from nature, but life-size 
pictures are demanded by the public. The photographer 
prepare th^ from a small negative, by help of the 
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enlarging apparatus previously described in the chapter 
on optics. 

For these pictures he requires a bright sun which^ un- 
fortimately, in our climate leaves him frequent^ in the 



lurch. The small negative is placed in the apparatus 
(Fig. 67) at F, and on the table at i? a sheet of sensitive 
paper is stretched. The lens at 0 projects a magnified 
picture of the little negative on the screen i?, and when 
the apparatus is turned to the sun the large condenser B 
concentrates sufficient light on the picture to occasion a 
rapid browning of the paper: indeed, under favourable 
circumstances, a life-size copy can he taken in fifteen 
minutes. 

Much has been said of instantaneous pictures. The 
Deputy Faucher remarked once, in the Prussian House 
of Deputies, ^^Instantaneous pictures are now possible. 
Portraits can be stolen by this process, and it will per- 
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haps be necessary to guard against it by the most extra¬ 
ordinary precautions—^perhaps even masks will have to 
be worn” This statement is based on a mystification. 
Faucher had been made the victim of one of those photo¬ 
graphers who, by incredible boasting and by puffing 
themselves, seek to impose on the public. Instantaneous 
pictures are possible if the object is clearly illumined by 
the sun; therefore an instantaneous picture of a brightly 
illumined landscape can be prepared. A portrait in a 
studio is quite another matter. Direct sunlight would 
produce an unpleasant glare and sharp shadows upon a 
dark background; the eyes would be contracted, and a 
very uglypictm-e would be the result. As we before 
remarked, very powerful lenses have been constructed, 
which admit of shortening the time of exposure. These 
are, however, only suitable for very small pictures, and 
are only employed for small, restless objects, like children, 
in which case the photographer is satisfied if he gets the 
chief part—^that is, the head—as quickly as possible 
into the picture. 

It occurs frequently that persons wish to have an old 
phatographic picture copied. We here remark that, 
though such a copy is possible, a photograph taken from 
a photograph is never so fine as the original picture. 
The cause of this is, on the one hand, the brown tone 
<f the photograph, which possesses very little photo¬ 
graphic activity; on the other hand, the paper is some¬ 
times glazed, and then produces a false light upon the 
reproduced picture, or is rough, and then the fibre of the 
paper giv^ the picture a disagreeable, coarse-grained 
appearance. On that account it is easy, even for un¬ 
practised eyes, to distinguish the copy from the original 
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photograph. Such copies are frequently to be met with 
at fairs and in stationers’ shops, and can he bought for 
a ridiculously small price. In most countries, however, 
copying from original photographs is forbidden as piracy, 
and this prohibition ought soon to be introduced into 
Germany. 

It has, indeed, been remarked that such infringement 
of copyright is advantageous to the public by lowering 
the price of favourite pictures.^ But this advantage is 
no compensation for the injury thus inflicted on the 
author of the original pictures, who may have been put 
to considerable expense in obtaming his photographs, 
perhaps from distant places such as the Hartz mountains, 
or by the many failures before he has succeeded in 
making an imposing picture of a distinguished person. 
A great undertaking of this kind is seldom successful at 
first, and if his production is not protected by the law, 
he will prefer to give up producing such original pictures. 

Section IL—-Landscape Photogeapht. 

Its Scope—^Difficulty' of Taking Landacapes—The Pliotographic Tent— 
Application of Landscape Photography to Geography—Dry Plates— 
Stereoscopic Landscapes—Transparent Stereoscopes—Panoramic 
Pictures. 

Landscape photography is a branch much less pur¬ 
sued than portrait photography. While portraits are 
generally made to order, it is a very rare thing to receive 
orders for a landscape. Such views are left to specu¬ 
lators, who employ photography as a means of represent¬ 
ing favourite localities in largely frequented countries, 

* Precisely the same argument can he advanced to defend the piracy 
of books, which is forbidden. 
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making thereby a profit with tourists. Thus photographers 
wander through the noteworthy sights of our capitals and 
mountains, and as the originals are accessible to every 
one, each of the competitors tries to outdo his fellows 
by excellence of work or cheapness. The copyist preys 
upon these original photographers; he does not undertake 
any costly journeys, but awaits the issue of original 
photographs to copy them at once, and offer them at a 
low price. The inclination of the public is here favour¬ 
able to the cheap seller. A landscape is seldom bought 
for its value as a work of art, hut more as a souvenir 
of a happy hour, or as a reminiscence which, in sub¬ 
sequent years, will recall some interesting object, whether 
a statue or a castle; therefore less is demanded in the 
case of views of landscape or architecture, and this is the 
reason why landscape photography is not at present in a 
very high state of perfection. The English are relatively 
the best in this branch, because they get good prices for 
their pictures and are protected against piracy. The 
Swiss views of Mr. England have a world-wide celebrity : 
in Germany pictures of equal merit are only produced % 
Baldi and Wlirthle at Sakburg. Braun of Dornacli also 
deserves an honourable mention, having produced excel¬ 
lent landscapes, his Swiss views being known every¬ 
where. 

Superficial observers entertain the belief that one 
photograph of a landscape must be as good as any other, 
as the object remains always the same, and all are pre¬ 
pared by the same process. 

Both a^umptions are, however, erroneous. The object 
is not always the same, for a landscape appears under 
very different aspects in the morning and evening light, 



THE APPLICATIONS OF PHOTOGRAPHr. 


157 


or in fine and clear weathen Whoever studies these 
effects of light will soon discover at what hour a land¬ 
scape will look most heautiful, and will choose it for 
taking his view. Accordingly, his picture will greatly 
surpass that of a superficial and hasty photographer, who 
takes the landscape as he finds it. The choice of the 
position is equally important. A few feet higher or 
lower, or a few paces to the right or left, and the whole 
aspect of the scenery is altered (see page 141). The man 
having the eye of an artist, who knows how to seek the 
best position, mil at all times give the best picture. 

The same remark applies to views of architecture 
and sculptme. It is evident that a photographer ivho 
undertakes such views must be favoured by -wind and 
weather. A breeze stirring the trees often injures his 
picture, which may be rendered impossible for days 
together by wind or rain. To this difiiculty may be also 
allied that of an unmannerly class of people, who insist 
on behig taken with the picture, and thinst themselves 
right in front of the photographic apparatus, making the 
attempt impossible—a weakness that is more commonly 
met with in Germany than elsewhere, and is the more 
inexplicable as such people generally see nothing more of 
the picture. 

A great inconvenience for the landscape photographer 
is that all the chemicals, bottles, glasses, dishes, etc., 
which are requisite for the process, must be carried on 
the journey; nay, more, the photographer needs a trans¬ 
portable dark room to prepare his sensitive plates. 

The accompanying figure represents an apparatus of 
this kind, together with the photographer at work. The 
upper part of his body only is in his tent, but the 
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space between hiin and tbe tent is made light-tight by 
suitable curtains. For the sake of facility of transport 
everything in a dark tent of this kind is contracted into 
the smaller space. A yellow glass q lets light into the 
interior: the silver bath is in a box y, and the necessary 
water is in the cistern x, from which a pipe passes into the 
interior. The whole tent can be folded up, and forms a box 
of the size of 0 in the figure. 



Eig. 68. 

Though these arrangements are very compact, they 
are still of considerable weight, making the ascent of diffi¬ 
cult places, such as the Finsteraarhorn, the Wetterhom, 
and the Jungfrau, impossible. 
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Dry plates are very useful in producing views of this 
kiad, as they can he prepared at home and taken on a 
journey. The traveller can then dispense with a dark tent, 
collodion, silver hath, and the water for washing. The 
dry plates and camera are all that is necessary. It will 
he remembered from the description already given, that 
dry plates are prepared hy washing an ordinary sensitized 
collodion plate, pouring on it some substance absorbing 
iodine, such as tannin, and then leaving it to dry. Un¬ 
fortunately, plates prepared in this manner are less sensi¬ 
tive than the fresh wet plates, and the pictures they give 
appear less delicate than those taken with wet plates; the 
results, moreover, are very uncertain. Many plates spoil 
after a lapse of time. Then, the view obtained cannot be 
judged till it has been at home; and if, as often happens, it 
is a failure, it cannot be remedied by taking another 
picture. For these reasons, the wet-plate process has been 
preferred in taking landscapes, notwithstanding its in¬ 
convenience, and but few photographers work with dry 
plates. 

Stereoscopic views of landscapes are very popular, for 
though so small, they surpass larger pictures in their 
power of truthfully representing landscapes. We have 
already described how these views are taken. If the 
light is bright and the lenses large, instantaneous views 
can be taken with the stereoscopic apparatus, and have 
been offered largely for sale. 

The transparent stereoscopic views on glass, pre¬ 
pared by Ferrier and Soulier, are wonderfully beautiful. 
They are produced on a collodion film by placing the 
glass negative taken from nature on a dry plate, and then 
exposing it. ^^ -4 print of the negative is thus obtained 
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upon the glass plate exactly in the same manner as with 
sensitive paper, only the action of the light is at first 
invisible, and must be developed -with pyrogallic acid. 
As the production of such glass positives requires a more 
laborious and lengthened treatment than the paper 
pictures, their price is higher. 

Latterly, however, by the help of a printing process 
(the Woodbury process), it has become possible to produce 
these pictures at a considerably cheaper rate. We shall 
describe this process further on. 

Though at first sight landscape photography may 
appear unimportant, yet it is of the greatest use for 
geographical information. There is no better medium 
for conveying a tiue picture of foreign lands, of rocks, 
plants, and animal forms, than photography. It has 
even become an essential auxiliary of exploring expedi¬ 
tions, being alone capable of giving a perfectly faithful 
description of what has been seen. The inconvenience of 
transporting a photographic apparatus, and the ready de¬ 
composition of the chemicals, naturally limit the use of 
photography in exploring expeditions, and require a very 
expert photographer ; but that these obstacles can he 
overcome is proved, among others, by the excellent views 
taken by Count Wilzek and Burger at Nova-Zemhla, 
Baron StiUfKed in Japan, Burger and Lyons in India, 
and Dr. G. Fritzsch in South Africa. We shall show in 
the following chapter the importance of landscape photo¬ 
graphs for land-surveying. 

Panoramic views are a special branch of landscape 
photography The noted photographer Braun, of Dornach 
(Alsace), h^ sold for many years pictures which contained 
half the circumferen(^ of the panoramas of the Bigi, 
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FauUiorn, Pilatiis, and other well-known points. It is 
evidently impossible for a fixed camera to command at 
once such a panorama • the human eye cannot do this; the 
most we can survey is 90°, and this is only a quarter of the 



Fig, 69. 


whole circumference. If we ivish to see the whole circum¬ 
ference, we are obliged to turn round. Martens, a German 
engraver residing at Paris, conceived the idea of taking 
panoramic views with the help of a revolving camera, or 
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of a revolving lens in a camera. Let the reader imagine 
a camera with a semi-cylindrical back, of which Fig. 69 
represent a horizontal section, also a lens o. Then the 
iriia<^e of any point a is situated on the line a oh, which 
is dmwa from a through the centre of the lens. If the 
lens revolves round its centre, the image remains immov¬ 
ably at its place 6; if it were to revolve about any other 
poinh than its centre, the image would be displaced. It 
is therefore evident that, if the lens revolves round its 
centre, it can form successively an image of half the 
horizon on the cylindrical surface. The only problem,' 
then, is to produce a sensitive cylindrical surface. This 
is not difficult with , sensitive paper, but much more 
difficult with glass, which is extremely breakable in this 
form. Accordingly, Brandon introduced a smooth plate, 
which rolls as it were round the cylinder p p; that is, 
vrhich during the revolution- of the lens is moved in such 
a fashion that it always remains perpendicular to the 
axis Q h of the lens. The mechanism of such a camera is 
rather complicated, but it has maintained its ground in 
practice, and numerous panoramic views have been taken 
with it. We must confine ourselves here to a general 
description; those who seek for further details are re¬ 
ferred to Ydgers '* Manual of Photography.” 

SlCTIOH III.— PHOTOGRAMMETRT, OR SURVEYING- BY PHOTOGRAPHY. 

AppHcatioa of Photograpliy to Measurement—Principle of Trigonometri- 
aU Measurement—Projection of Maps—Photographic Measurement 
of Altitudes. 

An essential drSerence between a photographic view 
and an artist’s painting is the fact, that it is not the 
production of the operator’s will, but that its outline and 
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design are subject to determinate laws. All photogi'apbic 
views are produced by means of lenses. A lens image of 
this kind is always in exact central perspective; that is, 
each point lies on the straight line which can be drawn 
from the original tlmough the optical centre of the lens. 
Let ah G (Fig. 70) be three objects, K a camera (of which 
the outline is given to facilitate comprehension), and I its 
lens; then the images of the objects ah c will be on the 
lines a 0 , b 0 , and g o —produced, viz., at a' V d; they 
have therefore the same relative position as the originals. 
Accordingly, a good photograph can serve to determine 
accurately the position of objects in nature, or to construct 
maps of the piece of ground that has been taken in the 
view. 

For example, let the reader imagine the optical image 
of the camera placed flat upon the paper; and then, in 
the middle of the picture (in this case the tree V), a per¬ 
pendicular line be drawn equal to the focal length o b\ 
It is only necessary to draw lines from the point o to the 
images of the objects a o and F to at once find the direc¬ 
tions in which the tower, the flag, and the trees will be 
seen from the position P. If now a second view he taken 
from a point F which lies in the direction of the flag F, a 
second view is obtained c" &" a\ which naturally looks quite 
different from the first in consequence 'of the change of 
position. If this view from the second position he also 
placed on paper, in a position corresponding to F, and a 
line V o, equal in length to the focal distance, he drawn 
as before, then the lines c" o and cd o will give the direc¬ 
tion of the objects a h c, as seen from PI If these lines 
he sufficiently produced on the paper, they will intersect 
at points the situation of which corresponds exactly to 
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that of the object; and thus, in two views from two 
points, the means is afforded of constructing a map m 
which the situation of all points contained in both views 
is exactly given. 



A different procedure is followed in ordinary trigo¬ 
nometrical measurements. The first step would he to 
measure the distance P P', then to set up an, instrument 
for measuring angles at P, and to determine the angle 
made by the line P P' with the lines a o,b o,co; the 
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same operation being repeated at the other end of what 
is called the base line P P\ It is evident that so many 
measurements must be made at both points as there are 
objects of interest, w^hereas a photogiuphic pictime in one 
operation fixes the relative position of all objects. Aceord- 
ingly, there is a considerable economy of time in the 
application of photography; and this is of great moment 
in time of war, wdien frequently, in consequence of inter” 
ruptions on the part of the enemy, the leisure is wanted 
which is necessary for triangiilation j also in journeys, 
when the stay at particular places is too short to make 
observations requiring time. 

Therefore this process has great advantages in explor¬ 
ing expeditions, whose photographs would thus be 
doubly valuable; for not only do they give a vieiv of the 
country, but also data for the projection of maps. For 
this purpose two views taken from each end of a base 
line are necessary. Moreover, the taking of these views 
must be carried out with mathematical accuracy: the 
camera must he placed in a perfectly horizontal position; 
its lens must give a perfectly con-ect image; the plates 
must be absolutely level, etc.—conditions which are not 
easy to comply with. To these other difficulties are 
added, proceeding from the very nature of photography, 
which requires clear, bright weather; with a troubled 
sky, or when the atmosphere is misty—the aerial per¬ 
spective of landscape painters—distant objects are often 
so indistinctly given in the picture that no correct 
measurement can be made of them, though the surveyor 
can clearly distinguish and measure from nature in such 
weather. Further, the direct action of the sun offers 
difficulties to photography. If it stands in front of the 
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camera and shines full on the lens, it often occasions 
fogging on the plate, greatly affecting the value of the 
picture for purposes of measurement. All these circum¬ 



stances militate against the application of photogram- 
metrj, as this mode of measurement has been called hy 
Meydenbauer, who has long used it, Meydenbauer pre- 
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pared a good map of the TJnstrutthal by this method. 
But the experiences during the campaign of 1870 
are not so satisfactory (the royal Prussian staff tried, 
the process before Strasburg)—perhaps the imperfection 
of the apparatus used occasioned the unsatisfactory 
results. It is to be hoped, in the interests of geography, 
that future attempts will succeed in making this impor¬ 
tant method practically available. 

Photography can determine the elevation of moun¬ 
tains and of buildings, as well as determine positions in 
a plain. Let it he supposed that a b (Fig. 71) is a tower, 
and b' its image in a photographic camera. It is 
evident that the image will he smaller than the object. 
According to a well-known mathematical law, the size 
of the image a' V is to that of the tower a h as the 
distance of the image from the lens o r to the distance of 
the tower from the lens. This gives the proportion: 

0 r : D =: a' V: X, 

where D is the distance of the tower from the camera, 
which can be measured. The height of the tower can be 
easily found from the above proportion. 

Meydenbaner has deduced the dimensions of the 
ground-plan and elevation of a house from a photograph. 

Section IY.—^Asteonomical Photogeaehy. 

Its Application—The Photographic Telescope—lclipses—Protuberances 
—Corona—Sun-spots—^Enlarged Images of the Sun—Researches of 
Rutherford—Astral-Photography—Pictures of the Moon—^Photo¬ 
graphs of the Spectrum—Photography and the Transit of Venus. 

The application of photography to astronomy is two¬ 
fold. First, to give a faithful representation of certain 
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phenomena of the heavens —vrhich change so rapidly that 
the draughtsman cannot follow them; for example, the 
phenomena of eclipses, or others which are inconvenient 
to draw, such as sun-spots. Secondly, astronomical photo- 
gmphy has to produce pictures of heavenly bodies which 
can be used for measurements. Photography has been 
used successfully for both purposes, and it is employed 
daily as an auxiliary to produce views of sun-spots at 
several observatories; for instance, in Germany, at the 
oteenratory of Herr Yon Biilow, Privy Councillor at 
Bothkainp, near Kiel. 

The mode of preparing astronomical pictures differs 
little from that of ordinary photographs. An ordinary 
photographic apparatus could be used for this purpose, 



Fig. V2. 


were it not that it gives too minute images of very remote 
objects, such as the stars. The size of the picture is in 
direct proportion to the focal length of the lens; there¬ 
fore, in taking astronomical photographs, lenses are used 
the focal length of which is very long, by converting an 
astronondcal telescope into a photographic camera.' 

The accompanying figure shows a telescope of this 
kind adapted to photographic purposes. The objective 
0 remains in iis place, the eye-piece, would be 

fixed at the other end of the tube, is; t^km away, and 
m apparatus V (Fig, *7^) is substituted for it, which is 
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identical mth the hinder paii} of a photogi^aphic camera. 
It contains a ground glass slide S, which, after the image 



Fig. 73. 


has been foe^^ed, can he exchanged for a sensitive plate. 
Ihe focussing is effected hy a rack-work motion at T, 

But now a difficulty occurs through the motion of 
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the stars, wliich necessitates the telescope following this 
movement For this purpose, the stand of the tele¬ 
scope is fm-nished with a driving-clock, which causes it 
to revolve in the direction of the course of the stars, so 
that the telescope is what is called equatoriaUy mounted. 
Fiff. 73 shows an arrangement of this kind. 

The oblique support of the telescope resting on the 
foot is parallel to the axis of the earth. The polar axis 
of the telescope is turned completely round in this sup¬ 
port once in t-wenty-four hours. 

The telescope d d is not fixed immediately on this 
axis, but on an axis c, at right angles to it; it can be 
turned round the latter (the declination axis) in all direc¬ 
tions perpendicular to the axis c i. The movement of the 
two axes allows any star to be brought into the field of 
the telescope. 

The first attempt to employ photography for astro¬ 
nomy was made by Berkowsky, at the Konigsherg 
Observatory, in the year 1851, by the help of Bessels 
noted heliometer, during a total eclipse of the sun. He 
obtained a daguerreotype, the beauty of which was much 
lauded, and which showed very well the remarkable phe¬ 
nomena that appear during an eclipse of the snn—aflame- 
like formations that stand out from the darkened disc of 
the sun, called protuberances. In the year 1860, Warren 
de la Eue in England, and Secchi at Borne, undertook an 
expedition to BivabeUosa, in Spain, to observe the eclipse 
of the sun, and both obtained interesting views on collo¬ 
dion plates. In 1868, the Government ‘of the North 
German Confederation equipped an expedition to observe 
the eclipse of August 18th, and sent Dr. Eritzsch, Messrs. 
Zencker, Tiele, and the author -to take photographs. 
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Another photographic expedition was sent out by the 
English Government to India. Besides these, the 
German, English, Austrian, and French Governments 
sent out expeditions for the ocular observation of the 
phenomenon. 

Obstacles were, no doubt, encountered by these ex¬ 
peditions, nevertheless they produced results that finally 
settled the question about the nature of the protube- 
I’ances, and moreover gained experience that materially 
lessened the labour of subsequent photogi'aphic observers. 

"We introduce a description of the expedition to Aden, 
giving a faithful account of the obstacles associated with 
an undertaking apparently so simple. The author wrote 
from Aden the following account of his arrival and resi¬ 
dence at that place:— 

“ The aspect of Aden is by no means cheerful. A 
broken mass of rock, bare and desolate, the remains of 
an extinct volcano, among which are warehouses, shops, 
coal-sheds, flag-staffs, etc.;—such was the appearance of 
the place that was to be our residence for a fortnight. 
The colour green was entirely wanting there. 

“ Our luggage and ourselves were conveyed to land 
amid the shouts, quarrelling, and tumult of the Arab 
rnob. On landing we learned that our colleagues, who 
had preceded us, had been received in the most cour¬ 
teous manner by the British authorities, and that two 
Indian huts—bungalows—used in this climate on the 
east side of the peninsula, had been assigned us as our 
station. 

“After a long search we found the locality and our 
comrades, together with the members of the Austrian 
expedition, Dr. Weiss and Messrs. Oppolzer and Riba, and 
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in as excellent €j[iiarters as could be iTislied on tliis desert 
coast. The English authorities acted the part of host 
in the most generous maimer. A whole staff of servants, 
cook, eta, waited upon us; carriages, camels, and 
donkeys were at om* disposal, and all our wishes wei-e 
anticipated Thus our bodily comfort had little to desire; 
the temperature (26°' Reaumur^), might be called low 
for the Red Sea, for a fresh breeze was always blowing 
on the heights of the Marshagill, on which our bunga¬ 
lows stood, and contributed greatly to our comfort. 

There still remained ten days to prepare for taking 
views of the eclipse. They were employed in preparing 
stands, mounting and arranging our telescdpes. We 
used as observatory a bungalow, which we partly un¬ 
roofed, in order to use our telescopes, and we converted 
the rest of its interior into a laboratory, washing-room, 
and store-room. In this bamboo cage—^for it was 
nothing more—^we were tolerably protected from the 
wind, but less so from the dust. Water was brought to 
m by donkeys, in leather bags. Two tents that we had 
brought from Europe answered the purpose of dark 
Tooma Spare apparatus for taking landscapes and 
portraiis, that we had brought with us, gave us the 
material for taking views of the country and its popula¬ 
tion, and were also a useful means of testing our 
chemicals. 

Some trifling defects in the latter were quickly 
remedied, but it'was not so easy to remove the effects 
of the dust and human exhalations. During the 
slightest exertion in that damp atmosphere, the per¬ 
spiration fliowed from the body in streams: it ran from 
* 90*5® Fabrenlieit: 
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the tips of the fingers, dropped from the face, and often 
a well-cleansed or prepared plate was spoilt by a 
drop of sweat. Nevertheless, practice taught us how to 
encounter this obstacle; some attempts at taking the sun, 
etc., were successful; and we were able to tranquilly 
await the eclipse. Only one thing gave us serious un¬ 
easiness—that was the weather. All accounts of Aden 
had tmanirnously represented its sky as perfectly clear, 
competent -witnesses having asseverated that it rained 
there at most three times a year, and that clouds were 
exceptions. 

"'■We were therefore not a little surprised -when, on 
our arrival, we found the volcanic heights of Aden quite 
concealed with clouds, and when we were greeted -with 
a shower of rain on the following morning. But we 
became still more anxioms when, day after day, the sun 
was concealed by clouds, and this weather became worse 
rather than better in the course of time. The pro.speet 
of succeeding in our main object looked dreary enough, 
and soon all our hopes deserted us. 

" On the day of the eclipse we left our quarters about 
4 a.m. Nine-tenths of the sky were cloudy. We set to 
work in a resigned frame of mind. It was the under¬ 
taking of the North German expedition to photograph the 
eclipse throughout its continuanca For this purpose we 
used a telescope with a six-inch achromatic lens, with a 
focal length of six feet. This lens, made by Steinheil, 
gave an image of the sun three-fourths of an inch in 
diameter, -which could be taken on a pbotograpliic plate 
by the help of an ordinary dark slide containing a plate 
for twm pictures. As the sun and moon move, such an 
instrument, if stationary, would only give ill-defined 
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\-iews. Accordingly, the telescope was connected with 
clockwork, which gave it a movement coiTesponding with 
that of the heavenly bodies. To avoid all agitation of 
the telescope, the closing lid of the objective wms not 
placed directly upon it, but on a separate stand, and was 
connected with the telescope by an elastic sleeve. 

“ The duration of the total eclipse was at Aden three 
minutes, in India five. We had, however, diosen our 
station at Aden because photographic observers were 
already present in India, and because the eclipse began 
altout an hour sooner at Aden than in India. Thus, 
hv comparing our observations with those. in India, a 
judgment might be formed whether those wonderful 
phenomena of light called protuberances, seen dining 
total eclipses, changed or did not change in the course 
of this time. It was our present endeavom’ to take as 
many views as possible of the phenomenon in three 
minutes. With this object we had regularly practised, 
as artillerymen do their cannon. 

“ Dr. Fritziseh prepared the plates in the first tent, 
Dr. Zen'eker pushed the slides into the telescope, Dr.Tiele 
exposed them, and I developed them in the second tent. 

“We had ascertained that it was possible in this 
manner to take six views in three minutes. 

“ The decisive moment approached. The cloudy sky 
anxiously surveyed by us, showed to our great satisfac¬ 
tion a few breaks through which the disc of the sun, 
prtly concealed by the moon, and appearing as a 
crescent, was visible. The landscape appeared iu the. 
strangest light, being almost a -half-and-half mixture of 
sunlight and moonlight. The chemical action of the 
light showed itself very weak. An experimental plate 
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oaly gave a view of the clouds after fifteen seconds' 
exposure. The sun’s crescent became gradually smaller, 
the break in the clouds gradually increased, and ive took 
heart. 

'' The last minutes preceding the total eclipse, which 
occurred at 6.20, fled on wings. Dr. Fritzsch and I crept 
hastily into our tents and remained there, preparing 
plates and. developing. The consequence was that 
neither of us saw anything of the total eclipse. Our 
labour begun, the first plate was exposed, as an experi¬ 
ment, from five to ten seconds, in order to see what was 
the proper time for exposure. 

“Mohammed, our black servant, brought the first 
slide into the tent to me. I poured the iron developer 
upon the plate, waiting breathlessly to see the result. 
At this moment my lamp went out. ^ Light! Light!’ I 
exclaimed; but no one heard me—every one had enough 
to do. I stretched my right hand out of the tent, holding 
the plate with the left, and fortunately grasped a small 
oil lamp, which I had placed ready for all emergencies, 
and now I saw the image of the sun appear upon the 
plate. The dark rim of the sun was surrounded by a 
series of peculiar prominences on one side, while on the 
other side appeared a singular horn—^both phenomena 
perfectly analogous in both pictures. My delight was 
great, but there was no time for rejoicing; soon the 
second plate and, a minute later, the third plate were in 
my tent. "The sun is emerging,’ exclaimed Zencker. The 
total eclipse was over; but all this appeared as the work 
of a moment, so quickly had the time passed. The second 
plate showed under development only faint traces of an 
image, a passing veil of clouds had almosf destroyed 
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the photographic action at the moment of exposure. The 
third plate showed again two successfal views with pro- 
tuherances on the outer rim. 

“Eejoicing in this success, the plates were washed, 
fixed, varnished, and at once, although with very im¬ 
perfect instruments, copies were taken on glass, and these, 
to avoid accident, were transmitted separately to Europe. 

"Our extraordinary good fortune is apparent from 
the fact that, at a place distant only half a league from 
our station, nothing was seen of the total eclipse on 
account of the veil of clouds. 

"We did not stay long at Aden after onr chief object 
had been attained: in three days the steamer proceeded 
to Suez. Telescope, clockwork, and our heap of instru¬ 
ments and chemicals were quickly packed, placed on 
camels and conveyed to the harbour. On the 21st of 
August we hade adieu to the barren, rocky island, and 
started for Suez.’' 

Aden was one of the points where the eclipse was 
first visible. As previously stated, England had also 
equipped a photographic expedition, which stationed 
iteelf at Guntoor in India. The eclipse was observed an 
hour later in India than at Aden. The same protube¬ 
rances appeared in the Indian photographs as in those 
at Aden, hut they present a very different form, which 
.seems to show that these prominences are not compact 
botlies,but formations of a cloud-like nature; and this 
supposition wm converted into certainty by Jansen’s 
olBervations with the spectroscope, made simultaneously. 

Jan.sen showed that in a total eclipse the protube¬ 
rances display bright lines in the spectroscope. As this 
is the property of gaseous bodies only, the question as to 
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the nature of the protuberances was solved. Jansen 
determined at the same time the exact position of these 
bright lines, and discovered that the gaseous substance 
was glowing hot hydrogen. He subsequently made the 
discovery that an eclipse was by no means necessary in 



m 


order to detect the bright lines of the protuberances. 
They are seen on clear days if the slit of a spectrosS^epe 
be directed on the sun’s rim, and the changeable nature 
of these protuberances can every day be observed by the 
appearance and disappearance of these bright lines. 
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Zollner of Leipzig even detected -with tie spectroscope a 
sudden burst of gas, also the sudden breaking away of gas 
clouds from tlieii- substratum, and tbeir dispersion, all in 
the space of a few minutes. 

We add a faithful copy of the Aden photogi-aphs, 
taken from Herr Schellen’s excellent work on spectral 
analysis (published by Westermann at Brunswick). The 

w 



Fig. 75. 

first view (Fig, 74) gives ns tlie eastern rim of tlae sun; 
the western was covered hy clouds. It is easy to recog¬ 
nize in it the large horn-like protuberance^ which has an 
elevation of 184,000 miles, and gives an idea with what 
immeiaie force masses of gas are projected from the 
surface, of the sun. It shows, further, the remarkable 
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protuberance to the left, in which the masses of gas 
appear like powerful jets of flame driven sideways by a 
tempestuous wind; alight region surrounding the pro¬ 
tuberances forms the glowing hot stratum of vapour 
permanently surrounding the rim, named chromosphere. 



The second view presents only a series of point-like 
protuberances on the western rim of the sun, but these 
points are so large that our earth could almost flrbd room 
in them. The eastern part of the sun was under the 
clouds during the taking of this view. 
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Finally, tlie third view gives a perfect representation 
of the total eclipse as it was observed in India. Besides 
the protuberances seen at Aden, there is another on the 
western rim of the sun, which was qnite covered by 
clouds at Aden. 

Photography has been latterly applied to the observa- 


N 



S 

Eig. 77. 


tion of total eclipses on a more magnificent scale. Thus, 
on the 7th of August, 1869, hundreds of photographers 
were actively employed in observing the total eclipse of 
the sun at Iowa, in North America, and more than thirty 
tel^copes were set up to retain the phenomenon. By 
th^ observations, the question respecting the nature of 
the protuberances was finally set at rest, and the only 
question that remained related to the corona. By corona 
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is meant a kind of nimbus of white light surrounding 
the sun when totally eclipsed. Many observations of 
total eclipses have been undertaken to decide its nature. 
A very beautiful view of the corona was obtained by 
Whipple, at Shelbyville in Kentucky, August 7th, 1869. 
The feeble light of this phenomenon renders a much 
longer exposure necessary than in the case of the pro¬ 
tuberances. At Shelbyville, the exposure for the corona 
lasted forty-two seconds, whereas five, seconds sufficed to 
take the protuberances. Nor was the nature of the 
corona as yet determined. 

In 1870 an English expedition, conducted by Lockyer, 
was sent to Catania to observe the corona, and the 
author accompanied it. Unfortunately, owing to the 
unfavourable weather, the observations were only 
partially successful. However, a detachment of the 
expedition, conducted by Brother, in Syracuse, succeeded 
in obtaining a good view of the corona, and we give a 
faithful woodcut (Eig. 77) copied from this photograph. 

The black prominences round the sun’s disc give the 
situation of the protuberances which were visible on the 
day of the eclipse. We call attention to the fact that 
they are not visible in the photograph of the corona. 
To take a view of the corona re(juires an exposure eight 
times as long as for the protuberances. During this long 
exposure the images of the protuberances received too 
much light, and have therefore become paler instead of 
brighter, so that their outline becomes confounded with 
the less bright parts. 

Photography is applied to other important purposes 
in astronomy besides taking pictures of eclipses. Views 
of the sun are taken daily. The observation of centuries 
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lias established that the sun is continually changing: 
spots appear, increase, and disappear. HI these phe¬ 
nomena were at an earlier date explained as openings in 
the cloudy luminous atmosphere of the sun, which was 
supposed to suiTOund its dark central mass. Now they 
are looked upon as immense whirlwinds, which rage in 
the atmosphere of the sun (see Schellen's '‘Spectral 
Analysis” page 200), or as cloud-like condensations. 
Their nature has not been perfectly ascertained. These 
sun-spots follow the revolution of the sun’s body round 
its axis, and experience manifold changes during this 
time. It is only by means of these spots that the dura¬ 
tion of the sun’s revolution has been determined. Recent 
observations have established that the number of the 
spots increases and decreases periodically, and that this 
period is connected with the magnetic phenomena of our 
earth. These circumstances have led to a closer study 
of the spot formations, and photography has offered a 
valuable aid for tbis purpose. It gives at a particular 
moment a faithful view of the sun s surface, and photo¬ 
graphs taken daily give us the most exact representation 
of the spots, their size and number. A comparison of the 
views during one month affords an instructive survey of 
the changes on the sun’s surface, relating more faith¬ 
fully than words the history of the central body of our 
planetaiy system, Lewis Rutherford, of New York, who 
has made valuable contributions to astronomical photo¬ 
graphy, has taken a great number of these views at the 
photo^phic observatory built at his own expense. 

These views, taken on successive days, exhibit mani¬ 
fold groups of spots, often of considerable size; and the 
change in their form and position is thus accurately 
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recorded (tlie latter consequent upon the revolution of 
the sun). These impressions are not prepared, as were 
the pictures of the eclipse, in the principal focus of the 
telescope, but in an ad^tional apparatus (Fig. 78) which 

!k 
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Bg. 78. 

answers the purpose of a magnifying apparatus. This 
contains a small lens L, which projects on the ground 
glass G an enlarged image of the small representation 
of the sun 8 produced by the great lens 0. 

In this manner Eutherford obtains directly a picture 
of the sun about two inches in diameter. This enlarging 
apparatus is not to he recommended in the case of 
eclipses; for the brightness of the image produced by 
the great telescopic lens is materially weakened by the 
enlargement. When the image is twice the size, the 
weakening of the light is fourfold; when it is three 
times as great, the weakening is ninefold, and so on. In 
yiews of the unclouded sun this is of no consequence, for 
its light is so intense that it bears a considerable enlarge¬ 
ment, and yet remains bright enough to give a view on 
a momentary exposure. The protuberances, however, 
give out much less light, and if their image were magnified 
they would become so faint that a longer exposure would 
be required than the duration of the eclipse. 

The solution of other important astronomical pro¬ 
blems has been attempted with the help of photography; 
for example, the production of pictures of the stars. 




m 


THE CHEillSTEY OF LIGHT. 


The object of such pictures is the represontatiou 'of 
the constellatious, or the relative position of the stars. 
It always has been one of the principal objects of 
astronomy to determine the position of the fixed stars. 
It may be thought that the catalogue of the stars is 
aheady completed, and that the matter is settled; but 
this is not the case. As far as photography can at 
present be applied, that is, to stars of the ninth magni¬ 
tude, the catalogue is not complete. Moreover, the 
measurements of the past may require correction in 
consequence of improved methods. 

The photographic process is of great importance for 
this pur])Ose, because it ofiers advantages in the facility 
of its application and correctness of its results. Many 
readers may inquire why so much trouble is taken to 
determine with the greatest accuracy the positions of 
thousands and millions of fixed stars. The answer is 
that the fixed stars are not stationary as their name 
ijllplies; nothing is stationary in nature, and hence such 
study is never at an end. No doubt tbe fixed stars 
change their position so slowly that the builders of the 
pyramids four thousand years ago beheld the constella¬ 
tions much as we do. It is only the finest astronomical 
measurements that show any change within a limited 
number of years. However, the study of the proper 
movement of the fixed stars has now begun, and requires 
very accurate measurements carried oti for generations. 

Another interesting point comes into consideration in 
connection with this subject. On the one hand, the fixed 
stars are not without movement; on’the other, their 
distance from the earth are very various, the nearest 
being enormously girnt. The photographer who wishes^ 
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to take a graphic view of an object, "will always try to take 
it from different points. Two views of a moderately 
remote object taken from two points only two inches 
apart, appear diffei'ent to the eye, and produce, when 
viewed in a special manner, a stereoscopic efiect. No dis¬ 
tance on earth is great enough to give different pictures 
of the same constellation; nevertheless, within the space 
of one year we describe a circle round the sun having a 
diameter of 184 millions of miles, so that in half a year 
we are 184 millions of miles from our present position. 
This enormous distance is in certain cases just sufficient to 
show a change in the relative position of certain stars, 
though not to the naked eye. By this means the distance 
of the nearest fixed stars has been determined, amounting 
to billions of miles. 

By careful comparative measuremenis of positions of 
neighbouring stars, continued for years and centuries, a 
change can be proved to exist, and the proper movement 
of the stars can be calculated. The distance of the stars 
can be deduced by carefully collating the yearly recurring 
changes in the positions of the stars. It is evident that 
photography, which affords the means of fixing these 
positions, must be of the greatest value for both these 
astronomical problems. 

Photography of the stars was first introduced about 
twenty years ago by Professor Bond, of Cambridge, Mas¬ 
sachusetts, but it was Mr. Lewis Rutherford, of New York, 
who perfected the method. He constructed a photo¬ 
graphic objective of 11 inches diameter and about 13 feet 
focus. This objective shows a considerable focal differ¬ 
ence; that is, the violet and blue i*ays have a different 
focus from the yellow and red. If a clear image of the star 
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is focussed, the sensitive plate would be adjusted to the 
focus of the yellow rays, and tlie focus of the chemically 
operative blue rays would fall beyond the sensitive plate, 
and an indistinct picture would result. The plate must 
therefore be adjusted to the focus of the blue rays; but 
this is not so easy to find. After it has been found 
approximately, it is corrected by taking different photo- 
graj^hs of a star, changing the position of the plate each 
time. The point is determined at which the best and 
sharpest picture is obtained, and, by continual repetitions 
of the attempts, the chemically active focus of a lens of 13 
feet focal length can be accurately determined to within 
ihj known that all heavenly 

bodies have the same focus, on account of their great 
distance. 

No photographic objective gives a correct picture with 
a large surface. Accordingly, to ohtain the accuracy re¬ 
quired by astronomy, the surface to be devoted to the image 
can only be very small, or about 1J degrees in diameter. 
Any remaining distortions are controlled and corrected by 
photographing a very correct scale, and comparing the 
picture with the original. A field of 1J degrees, or three 
times the moon's diameter, embraces the well-known 
constellation of the Pleiades. 

Rutherford’s telescope is arranged as in Fig. 73 (p. 169); 
it is moved by clockwork, so as to exactly foUow the 
movement of the stars. 

The views of large stars taken with it, after a short 
exposure, all appear as small round points which can 
only be seen through a magnifying glass. In the case of 
a long exposure their size depends on the more or less 
strong vibrations of the atmosphere, which occasion the 
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flickering of tlie stars. Stars of tlie ninth magnitude can 
be photographed with an exposure of eight minutes; 
the light of these stars is ten times weaker than that of 
the faintest which can be detected on a clear night by 
the naked eye, and their images are very small points. 
It would be difficult to distinguish these small points 
from dirt spots on the plate. To do this, Eutherford 
makes use of an ingenious device. He brings the tele¬ 
scope, after the first exposure of eight minutes, into a 
slightly different direction, and makes a second exposure 
of eight minutes, Avhile the clockwork continues to 
operate, and moves the telescope correctly in this second 
direction. 

In this manner two images are obtained of every star 
on the plate, closely adjacent; the distance and relative 
position being in all the same. These double images can be 
easily found on the plate and distinguished from accidental 
spots. If the telescope stops, it is evident that the images 
of the stars make a movement on the plate, the bright 
stars describing a line. This line is of great importance 
to determine the direction from east to w-est on the plate. 
For faint stars which leave no line a third exposure is 
necessary to determine this direction. This is done after 
the clockwork of the telescope has been stopped for some 
minutes. 

Eutherford has already taken numerous views of the 
stars, and they wiU serve as important means of com¬ 
parison, after the lapse of centuries, in order to discover 
what change has taken place in the position of the fixed 
stars.* 

* Details respecting Entlierford’s observatory are contained in the 
“ Photographisclien Mittheilungen,’^ Jabrg. 1870. Berlin; Oppenlienii, 
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But another heavenly body invites us specially to 
study it by the help of photogi’aphy; that is, our nearest 
neighbour, the moon. The unassisted eye recognizes its 
uneven surface mountains in the moon ”) and the vary¬ 
ing shades of its ginund (moon spots). Its surface con¬ 
tains a thousand problems, appearing as a rigid, almost 
vitreous, vraterless, airless waste. 

Warren de la Rue has tried to take photographic 
pictures of this singular body, which is so near to our 
eaidh and yet so different; he succeeded in obtaining, 
with the help of a telescope, a small view of the moon, 
which he enlarged to inches diameter with an enlarg¬ 
ing apparatus (p. 94). 

The moon gives out less light than the sun. It is 
therefore taken to the best advantage in the principal 
focus of the telescope. (See Fig. 72, .p. 168.) In the 
most favourable case, three-quarters of a second suffices 
for exposure, but it is rare to obtain sharp negatives, 
owing to the disturbance of the atmosphere, and to obtain 
a sharp image of the moon is a test of patience. After 
Warren de la Rue, Rutherford is celebrated for his moon- 
pictures ; his improved telescope, set up pui'posely for 
photographic purposes, gave a stiU sharper image of the 
moon than De la Rue’s, and our frontispiece is a dimin¬ 
ished copy of the enlarged picture of the moon from 
an original, for which we are indebted to Rutherford, 
forming a genuine map of the moon of no small import- 
imce to astronomy. 

Some years ago Schmidt, at Athens, maintained that 
an extinct volcano ohserved by Madler is no longer to be 
found, and he thereby proved the possibility of changes 
on the apparently rigid surface of the moon. If a 
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photograph of the moon’s surface could have been taken 
forty years ago^ when Madler observed the volcano, we 
should now be certain about this point, which is still 
doubtful 

But the sun and its eclipses, the moon, and stars are 
not the only objects of astronomical photography. Its 
province extends further since the discovery of spectrum 
analysis. 

When it was discovered that the wonderful lines 
intersecting the sun’s spectrum (see chap. vii. p. 62) were 
occasioned by glowing substances of different kinds, and 
that each element shows invariably the same lines, so 
that the presence of certain spectral lines establishes the 
presence of certain elements, it became necessary to 
possess an exact map of the countless lines of the solar 
spectrum. Then, by comparing this map with the 
spectrum of a flame or of a star, it could be at once seen 
what substances give' these lines. Kirchhoff, one of the 
discoverers of spectrum analysis, and Angstrom have 
prepared such maps of the solar spectrum. Their labour 
would have been materially simplified had Eutherford 
published his photograph of the spectrum a year earlier. 

Rutherford’s ph6tograph only shows the lines of the 
chemically active part of the spectrum—^from green to 
violet—^but it does this with wonderful clearness. Many 
lines that appear faint to the naked eye show themselves 
strong and sharp in the picture; nay, lines are dis¬ 
covered in the photograph of the spectrum which Ehrch- 
hoff did not see at all in the spectrum itself. 

The causes of this phenomenon may be twofold: 
either the eye is not sensitive to certain rays of light—as 
we know it is not influenced by the ultra-violet rays. 
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liaye a strong pliofcograpliic effect,—or it is possible 
that changes take place in the sun: that at certain times 
fresh substances come to its surface, and thereby new 
lines become apparent. 

The photograph of the spectrum may he taken with 
the aid of an ordinary spectroscope, seen in Fig. 79. This 
consists of a tube A, which has a fine slit F, through 
which the light penetrates, and at the other end a lens, 
which makes all the rays from the slit parallel, and con¬ 
ducts them to the prism P. The rays are then refracted 



and pa^ into ihe tube P, and can he observed through its 
narrower mi. If the object is to photograph the spec¬ 
trum a photographic camera is placed light¬ 

tight on the tube B, its eye-piece is drawn a little out, 
and then the ini%e of the spectrum appears upon the 
ground-glass screen. 
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Attempts tave been made to solve other important 
problems by tlie help of photography. Thus, Dr. 
Zencker hoped to be able to trace the path of shooting 
stars by means of it. Unfortunately these were found 
to give out too little light to produce, while they lasted, 
an impression on the photographic plate. 

The transit of Venus affords a new and grand pro¬ 
blem for photography. 

In determining the distance of heavenly bodies, the 
diameter of the earth's orbit is taken as a base line; 
therefore the knowledge of the exact length of this base 
is assumed. How, this amount has only' hitherto been 
determined by approximation, and is in round numbers 
one hundred and eighty millions of miles. 

Many efforts have been made to determine this dis¬ 
tance more accurately. It is, however, a 
problem of great difficulty. Let it be con¬ 
ceived that there are at two opposite points 
of the earth, a and b (Fig. 80), two observers 
who look with telescopes at a star x, and 
measure the angles which the rays x a, 

X h make with the line a h ; it can be deter¬ 
mined from both angles and the line a h 
(which is easily found) what the distance 
of the star is from a or b. This is the tri¬ 
gonometrical method, and it gives reliable 
results, if the distance of the star is not too 
great; thus, for example, the distance of 
the moon, which is about ten of the earth's 
diameters, is easily ascertained. If the star 
to be measured is too remote, the rays a x and b x are 
nearly parallel, no difference exists between the two 


or 



Fig. 80. 
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angles at a and h, and the trigonometrical method is 
useless. This is the case with the sun, which is ninety, 
five millions of miles from the earth. We can therefore 
only ascertain its distance by indirect methods. 

According to a law discoyered by the celebrated 
astronomer Kepler, the squares of the periods of revolu¬ 
tion of the planets vary as the cubes of their distances 
from the sm Thns, if the period of the earth s revolu¬ 
tion is U, and that of Venus % the distance of the eartb 
E, that of Venus e, according to this Jaw, 

: e® 

If the cube root is extracted from both we have— 

/jlP : = E : e, hence, 

But E —e is the distance between the earth and 
Venus. When this has been determined, three terms of 
the proportion are known; for the periods of the revolu¬ 
tions of Venus and the earth are accurately known. 
Then, by simple rule of three, the fourth term 6 cau be 
found; that is, the distance of Venus from the sun. If 
to this is added the distance of the earth from Venus, we 
obtain the distance of the earth from the sun, which 
was required. 

Thus the determination of our distance from the sun 
depends on that of our distance from Venus, which must 
he takim at the moment when Venus is between the 
earth the sum But Venus is only visible at the 
moment when it is between the sun’s disc and the earth. 
This is only exceptionally the case—^twice in every 
century—and then it appears as a small black point on 
the suns disc, which, however, continually changes place, 
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OE accoimt of the earth’s movement and its own. This 
cireumstance renders simultaneous measurements at two 
difierent and remote points of the earth very dhEcult, 
and therefore the idea has been entertained of using 
photography as an auxiliary. If by its help, and in the 
maimer described above, a sun picture is taken during 
the transit of Venus, the distance of Venus from the 
sun’s centre can be easily measured upon it. The centre 
of the sun is a fixed point which can be assumed to be 
stationary. 

If the earth is supposed to be at E (Fig. 81), Venus 
at V, and the sun at the observer at a 
udU see Venus below the centre of the sun, 
while an observer at & will see Venus above 
it. Accordingly, Venus will present a differ¬ 
ent position to the sun’s centre on photo¬ 
graphs taken at various points of the earth. 

Now, the position of the centre of the 
sun is veiy accurately known. The suns 
diameter subtends an angle of about 30 
minutes, so that if divided into SO parts, 
each part would represent an angle of one 
minute. It is only necessary therefore to 
measure how many of such parts Venus is 
distant from the sun’s centre, to find at once 
the angular distance of Venus from this 
point or m a F. If this angle is sub¬ 
tracted from the angle which the line a b 
makes with the direction of the sun’s centre 
mab, the remainder will give the angle Vab 
which Venus makes with the line a 
which gives aU the data necessary to calculate the 

0 



Fig. 81 . 
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distance of Yenus, and, from that, the distance of the 
central body which forms the fonndation and base of all 
astronomical measurements * 

The determination of this angle by photography is of 
special value, as this measurement can easily be made 
at any convenient time, whereas direct measurements 
can only be made while the phenomenon is visible, and 
hence many errors are introduced in the excitement of 
the moment. Measurements of this kind require appa¬ 
ratus of the most accurate description, and the adoption 
of many precautions; therefore preliminary experiments 
have been already commenced to determine the degree 
of accuracy which a measurement by means of photo¬ 
graphy admits. If these preliminary experiments give 
a favourable result, numerous photographic expeditions 
will be sent out to observe the transit of Venus. 
Germany proposes to occupy five stations: Tschifu in 
China, Muscat on the Persian Gulf, Kerguelen's Land, 
and the Auckland Islands. Besides these, England, 
France, Eussia, and America are eqhipping photographi¬ 
cal expeditions which will occupy various points, and 
thus we may hope that though some stations may be 
visited by unfavourable weather, still numerous plates 
will be obtained by means of which this great astrono¬ 
mical problem can be solved. 

* Out space does not permit ns to enter into the details of the 
method of determining tlie solar parallax ; it is only onr purpose to gire 
a plain intelligible statement of the first principles of the problem. 
Tho^ whp are specially interested in the snbject are referred to “ The 
Transit of Yenna over the Sxm,’’ by Dr. Schorr. Branswick: Yieweg. 
1873 . 
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Section T.—The Application op Photography to the Obsertation 
OP Scientific Insteements. 

The Thermometer and Barometer—Nenmeyer’s Apparatus for 
determining the DeptR of the Sea. 

Meteorological observations require a daily reading of 
the barometer and tbermometer. To economize tbis 
reading, and yet to receive a perfectly safe register of the 
state of the thermometer and barometer at each minute, 
photography has been turned to account. Let the reader 
imagine behind the tube of a thermometer R (Fig* 82) 
or barometer a drum, -which revolves round its axis a 
hy means of clockwork. Let sensitive 
paper be wrapped round this drum, 
and the whole be enclosed in a cylinder 
8, which has only a small slit behind 
the thermometer through -which the 
light can penetrate. The upper part 
of the thermometer will let the light 
through, while the thread of quick¬ 
silver will stop the light. Therefore 
the strip of paper above the quicksilver Bg. 82. 
win blacken, and the limit of the blackening on the 
paper will rise and fall -with the mercury. Now the time 
can be marked beforehand on the paper. As the drum 
revolves once in twenty-four hours, the strip of paper 
need only be di-vided perpendicularly into twen|y-four 
parts, and the first part be moved opposite the ther¬ 
mometer directly the clock strikCvS twelve, after which 
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the whole may be allowed to revolve. Thus the 
blackened strip will show the height of the thermometer 
at all times of the day. In the same manner, the height 
of the barometer can be registered by photography. 

Professor Neumeyer has latterly employed a siTnilar 
instrument to determine the temperature in the depths 
of the sea. As there is no light producing chemical 
action at those depths, Neumeyer sends down a light- 
producing apparatus. This consists of a galvanic battery, 
and a Giesler’s tube; that is, a tube in which very 
attenuated nitrogen gas is enclosed, and through which the 
electric current is passed. The tube then gives out a 
faint light. But this faint hght has a powerful chemical 
action, because it contains many of the invisible ultra¬ 
violet rays (see p. 64*), and in three minutes it effects 
the blackening of the paper. Neumeyer also attempts 
to determine with his apparatus the dhection of the 
oceanic currents. For this purpose the apparatus has 
attached a vane like that of a weathercock, which can move 
the mstrament in any direction whilst suspended. If any 
currents exist, they will turn the apparatus so that the 
vane is parallel to their direction. A magnetic needle 
is enclosed in the apparatus, and moves over a disc of 
sensitive paper; this magnetic needle points, of com'se, to 
the north, and the luminous tube above it fixes its 
position on the sensitive paper, which is firmly fastened 
to the box Therefore, it can be easily seen what situa¬ 
tion the apparatus has assumed with reference to the 
magc^tic needle—that is, the north. 
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Section YI.—PnoTOGEiLPHi and Medical Eeseaech. 

Photographs of the Interior of the Eye, the Ear, etc.—Stein’s 
Heliopictor. 

Medical science has already made great use of photo¬ 
graphy, both as a means of obtaining pictures of interest¬ 
ing anatomical preparations and phenomena of short 
duration, and in giYlag exact anatomical views of the 
different organs. The interior of living organs has been 
disclosed hy ophthalmoscopes, otoscopes, and laryngo¬ 
scopes, and the image seen by the eye with these instruments 
has been successfully photographed. Dr. Stein, of Frank- 
fort-on-the-Maine, has done good service in this branch, 
not only as a practical photographer, hut also hy the con¬ 
struction of suitable apparatus. It would exceed the 
limits of this book to describe aU the apparatus necessary 
for this purpose. We shall content ourselves with the 
description of one, that for taking the interior of the ear. 

The apparatus (Fig. 83) consists of three parts: 1st, 
the ear-funnel A; 2nd, the illuminatmg apparatus B ; 
3rd, the photographic apparatus jD, with the lenses (7. 
Tliese parts are placed together, as may be seen in the 
accompanying diagram. The instrument is fastened hy 
a ball and socket joint to a suitable stand, in order to give 
it the proper direction, according to the position of the 
sun. The ear-funnel A is sl conical tube about 1| inch^ 
in length, to push aside the small hairs which iiftermpt 
the view; it is made of vulcanised india-rubber* The 
illuminatmg apparatus £, which is easily closed by a 
cover at a d, consists of two metaj tubes, soldered to- 
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gether at a right angle at h c, of which one is provided 
with parallel, the other with curved sides. At the place 
where the two tubes unite is a perforated metallic mirror 
(eg f), inclined at an angle of 45®. 

The photographic apparatus consists of a double 
objective C and a small camera, two inches deep. The 
ground-glass screen X, and the dark slide F, are fitted in 
a frame D, easily moved. A plano-convex lens is placed 
at li, between the objective and the illuminating ap¬ 
paratus, According to the position of the sup, bright 
cloud, or any other source of light, the apparatus B can 



be moved by turning round on its axis; so that, in con¬ 
junction with the joint of the stand, the apparatus can 
be turned easily and steadily in all directions. 

The rays which penetrate into the tube B are thrown 
by the perforated plane mirror e/ through A on the drum 
of the ear. Reflected thence, they pass at g the per¬ 
forated plane mirror, and the image of the drum of . the 
ear is thrown by the lenses on the ground-glass slide n o. 
The image is focussed either by shifting the objective by 
means of the screw at or by moving the lens at 7^, accord¬ 
ing as an enlarged image or one of life-size is desired. 
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During the photographic process, an assistant must pull 
the ear muscle backwards and upwards, in order to give 
a proper direction to the funnel in the tortuous aperture 
of the ear. The exposure in the sunlight, if a good 
collodion is employed, lasts half a second; under bright 
clouds on a clear day, from five to ten seconds, according 
to the intensity of the light. The exposure is effected by 
opening and closing a shutter at c d. 

In order to render photography more accessible to 
physicians and scientific investigators, Dr. Stein has con¬ 
structed an ingenious instrument called the heliopictor,'’ 
with which wet-plate photographs can be taken without 
any dark room. The heliopictor is a kind of dark slide 
which can be placed at the back of any camera. Dubroni, 
of Paris, first constructed such developing boxes. This 
box, a section of which is given in the diagram below, con¬ 


tains a glass vessel iT, into which a silver 
solution can he poured through a stop¬ 
cock, not visible in the figure. The glass 
plate to be prepared is coated with collo¬ 
dion, then brought through the door T 
into the box, and placed on the aperture 
0 of the vessel Z". The door T is then 
closed, and the plate is thus pressed by 
the spring a watertight against IL After 
this, the box is turned over to the right, 
the silver solution flows over the plate, 



Fig 84. 


and renders it sensitive. The course of this operation 


may be observed through a yellow glass slide S, which 


admits no chemical light. After the plate has been 
properly sensitized, the box is again placed upright, and 
brought into the camera in place of the ground-glass 
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slide, 8 is imvm Ep, and tliiis tlie plate exposed. Then 
the silver solution is draivn off through a stopcock, and a 
solution of gi*een vitriol poured in instead; hy tilting the 
box this flows over the plate and develops the picture. 
The development may be watched through the yeUow 
slide S : when it is completed, the picture is taken out and 
fixed. 

Stein has improved his developing box by substituting 
a vulcanized india-rubber vessel, easily taken out and 
cleaned, for the glass receiver. He also introduced the 
method of filling and emptying the receiver by means of 
a stopcock, Dubroni having employed pipettes. Both 
apparatus are described in detail in the “ Photographischen 
Mittheilungen,” Jahrgang X. Nr. IIT, 118, 


Section VIL— Photographi and the Miceoscope. 

On HicrOBCopes—^Taking Hicroscopic Views—Tbeir Application. 

Nowhere has photography shown itself a more bril¬ 
liant auxiliaiy to or substitute for the art of drawuig 
than in the representation of microscopic objects. This 
•was indeed attempted in the earliest days of photo¬ 
graphy, for Wedgwood and Davy attempted to fix the 
images of the solar microscope on sensitive silver paper. 
This solar microscope seemed, in fact, to be specially 
a<Japted for photograpliie purposes. Its construction is 
shown in Fig. 85. The microscopic object is inserted at 
m, and is either a drop of liquid upon a glass plate, or a 
small solid body compressed between two thin glass 
platea 

The small lens i projects an enlarged image of this 
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minute object on an opposite screen, or a white wall, 
exactly as shown in the following figure. 

The rackwork at D serves to regulate the distance of 
the lens from the object m, and thereby to focus the 
object sharply upon the screen. .S is a diaphragm by 
•which the ragged edge of the round image is cut off. 
The tube B G contains the lenses which concentrate the 
light* Each considerable enlargement diminishes the 
light of the picture materially; if it is enlarged three 
times, the light is diminished to J; if enlarged fourfold, 



Fig. 85. 


to ^; if fivefold, to ; if a hundredfold, to xnuun* 
With such a diminution of brightness the eye would not 
see anything, if care were not given to throw an intense 
light on the object. The system of lenses contained in 
the tube B 0 answers this purpose. This concentrates 
the sun's rays, which are reflect^ by the mirror M into 
the tube B, on the microscopic object; and the latter 
becomes in this manner so intensely illuminated that it 
admits of any amount of enlaigemeni The room in 
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whicti the instniment is placed is dark; aceordiagly, all 
the conditions are present that enable proper photographs 
to be taken. M that is requisite is to espose a sensitive 
plate in the place of the image. 



Fig. 86. 


Few persons^ however, possess a solar microscope. 
For ordinary investigations a microscope is used similar 
to that in the accompanying figure. It contains at o a 
system of lenses, which projects an enlarged image S R 
(Fig 88) of the small object t s. This is 
viewed through the eye-piece c d (Fig. 
88), which is placed at n (Fig. 87), and 
again magnifies the image S R, so that 
a still greater image 8' R' (Fig. 88) is 
pi'oduced. 

This is seen directly by the eye of 
the observer. The necessary light is 
thrown on the object by the help of a 
concave mirror s s' (Fig. 87). 

To produce photographs with the 
help of such a microscope, a photo¬ 
graphic camera, properly supported, can 
be placed directly on the eye-piece % 
(Fig, 87). This camera does not require 
Fig, 87. a lens like those previously described, 
p. 88. The eye-piece of the microscope serves this pur- 
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pose, and is inserted through a light-tight sleeye into an 
opening in the camera. If, now, the tube h is raised, 
an enlarged image of the object at 8 R will appear on 
the ground-glass screen of the camera, and can be easily 
photographed. 

It is necessary in doing this that 
all light not emitted from the object 
should be excluded. If the mirror 
8 s' (Fig. 87) throws light on the 
object, many rays pass beside it, 
fall on the lenses, and occasion re¬ 
flections that materially disturb the 
clearness of the image. In this case 
it is advantageous to insert a system 
of lenses between the mirror s s' and 
the object, concentrating all the 
rays on the object. 

Instead of sunlight, an aiiificial 
light is sometimes used; for example, 
the electric or magnesium light, thus making the observer 
independent of the weather. The beauty of the micro- 
photograph depends essentially on the beauty of the pre¬ 
paration to be photographed. This must be so arranged 
that it shows perfectly clearly all characteristic parts; all 
disturbing accessories, dust and so on, must be removed, 
for they are equally magnified with the object. A skilful 
preparer is therefore necessary for successful micro-photo- 
gi’aphy, which also depends on the exceUence of the 
instrument, its proper arrangement, and the choice of the 
proper exposure. It is important in a microscope for 
this purpose that the lenses should be corrected for the 
chemically active raya (See pp. 185, 186.) 
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Excellent results have been achieved in micro-photo¬ 
graphy by Neyt at Ghent, Girard and Lackerbauer in 
Paris, Fritzseh and Kellner at Berlin, and Woodward in 
America.* 

Microscopic photography is of the very greatest use 
for preparing pictures of anatomical preparations which 
change quickly, and of such chemical substances as 
imclergo rapid decomposition, also of the microscopic 
crystals, which are enclosed in many kinds of stones, and 
show themselves clearly in thin polished plates. In 
the photographs the angles of these crystals can he 
easily measured with the help of a protractor, and from 
them the nature of the crystals may be inferred. Pro¬ 
fessor Gustaws Kose, in his treatise on meteorites, has 
reproduced in steel engravings many micro-photographs 
of this kind, taken by the author. 


Section VIII. —Miceoscopic Photographs and the Photographic 
Pigeon Post, 

Katiire of Microscopic PbotograpliB—Their Importance for Libraries— 
Emplo 3 Hnent of the Pigeon Post. 

Some years ago jewellery and toys were offered for 
sale in Paris, containing small lenses in place of jewels. 
If these were held before the eye, small transparent 
pictures, some of them portraits, and others writings, 
were visible. These little pictures were the so-eaUed 
microscopic photographs on glass. Such a picture is hy 
no means the representation of a microscopic object, hut 
of a large-sized object, only it is so small that a micro- 

* Pall details are given in “Die Photographie, als Hiilfamittel mikro- 
fikopischer Forschmig,” hj Koitessier and Bennecke. Brunswick •. 
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scope is required to see it. The production of these 
photogi'aphs does not difier from that of others; it only 
requires an instrument forming images of microscopic 
minuteness, and this is effected by employing small 
lenses of very short focal length. In using these a direct 
photograph is not taken, but in the &st place a photo¬ 
graphic negative is prepared with an ordinary camera 
from the object chosen; after this, with the help of the 
small lens, microscopic positives on glass are obtained 
with the ordinary collodion process. These are then cut, 
and a small lens fastened on them, and then they are 
mounted in metal. Such pictures are in themselves 
little else than toys, which have, however, been put to a 
bad purpose, for indecent photographs have been thus 
placed in the hands of unsuspecting persons—a fact that 
speedily brought this branch of photography into dis¬ 
credit. But there are circumstances in which such 
microscopic photographs can be of extraordinary value. 
Simpson in England has called attention to the fact that, 
by the help of photography, the contents of whole folios 
can he concentrated within a few square inches, and that 
the substance of books filling entire halls, when reduced 
by microscopic photography, can be brought within the 
compass of a single drawer—a circumstance which, with 
the enormous increase of material that has to be stored 
by our libraries, may be of importance. Of course, either 
a microscope or a magic lantern would be required to 
read such microscopic works. 

Hitherto photography has not been applied to this 
purpose, though Scamoni’s heliographic process, d^ribed 
further on, would considerably facilitate the ereatioa 
of such microscopic libraries. Microscopic pbotograpHs, 
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lio^v'ever, have obtained great importance in promoting 
pigeon despatches. During the siege of Paris in 1870, 
the blockaded city held communication -with, the world 
outside by means of balloons and carrier pigeons. The 
first mode of communication was used almost exclusively 
for political objects; the second only admitted the trans¬ 
mission of very light letters. Letters, however con¬ 
densed, could scarcely have been sent more than two or 
three at a time by a pigeon. In this ease^ microscopic 
photography presented a valuable means of concentrating 
many pages on a collodion film of only one square inch, 
and so light that more than a dozen packed in a quill 
could be sent by one pigeon. Dagron, at Paris, who 
first prepared microscopic photographs, also was the 
first to prepare these pigeon despatches. All the cor¬ 
respondence which had to be diminished was first set 
up in type, and printed together on a folio page. A 
microscopic photograph was made of this folio page, con¬ 
tained in about the space of square inches. The 
collodion film of the picture was then removed from the 
glass by pouring a collodion over it which contaiued 
castor oil in solution. The collodion soon dries, and .can 
then be separated from the glass, carrying the film of the 
picture with it. Such films contained in some cases 
as many as 1500 despatches. At the place of arrival the 
films were unrolled and then enlarged by the help of 
a magic lantern; a number of writers thereupon set to 
work to copy the enlarged despatches,-and ultimately for¬ 
warded them to their respective addresses. Thus Paris 
corresponded, by the aid of photography, for six months 
with the outer world, and even poor persons were able 
to let their relatives know that they still lived. 
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SECTroN'IX.—^P yeo-Photographt. 

Pictures on Porcelain—Their Production hy Photography—Griine’s 
Method—^Its Application for the Decoration of Glass and Porcelain. 

An ordinary pliotograpli is, as paper, veiy combustible, 
and exposed to injury from corrosive substances. En¬ 
caustic images on porcelain and glass do not participate 
in this exposure to injury, and therefore attempts have 
been made to prepare fireproof photographs, especially 
for the decoration of glass and porcelain. Success has 
crowned these efforts in several cases. One of the 
simplest processes is that of W. Grune at Berlin. 

Griine found that the collodion image—^wluch, as we 
have'seen (p. 109), consists of minute parts of silver—is 
capable of manifold changes, and that, moreover, it is 
easily transferable, hy means of the elastic collodion film, to 
other bodies. The film, with the picture, can be removed 
from the glass, placed in different solutions, and then 
transferred to curved surfaces, etc. If the collodion 
picture is placed in a metallic solution, a chemical change 
ensues. Assuming the solution to contain chloride of 
gold, then the chlorine passes over to the silver, of which 
the picture consists, chloride of silver is formed, and 
metallic gold is precipitated as a fine blue powder on 
the picture. Thus a gold picture is obtained. 

With certain precautions this can be transferred to 
and burnt into porcelain. By this means a dull image is 
obtained, which can be rendered brilliant by polishing. 
Griine has employed this method to produce gold orna¬ 
ments on glass and porcelain. Drawings and pattenis of 
various kinds are photographed; the image obtained is 
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changed into one of gold, then hwcnt in, and thus the 
most beautiful and complicated decorations can be pro¬ 
duced -without the assistance of the porcelain painter. 

If a silver pictmn be plunged into a solution of 
platinum instead of a solution of gold, a platinum image 
is obtained. This assumes a black colour on being burnt 
into the porcelain. In this manner black portraits, laud^ 
scapes, etc., have been produced on porcelain. 

Pictures of this kind can be prepared in other colours 
than black. For example, if the photograph is dipped in 
a combined solution of gold and platinum, the gold and 
platinum are precipitated on the picture. The image 
thus ohtamed, if burnt in, presents a very agreeable 
violet tint. 

Solutions of uranium, of iron, and of manganese effect 
precipitates on a collodion picture, modifying its colour, 
and, when burnt in, produce different brownish or 
blackish tints. "We shall see, later on, that there are 
other means of producing such pyro-photographs. Details 
will he found in the chapter on the photo-chemistry of 
the chromiiun compounds. 

Section 5.—Magic Photography. 

Invisible Photographs—Their Development—Magic Pictures and Magic 
Cigar Holders. 

Closely connected with Griine’s process for producing 
pictures on porcelain, is what is called magic photo¬ 
graphy. A few years ago small sheets of white paper 
were offered for sale which, on being covered with blot¬ 
ting-paper and sprinkled with water, displayed an image 
as if by magic. The white sheets of paper, to all appear¬ 
ance a blank, were photographs which had been bleached 
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by immersion in a solution of eliloride of mercury. If 
a photograph, not containing gold—all the usual paper 
photographs contain gold—be immersed in a solution of 
chloride of mercury, a part of the chlorine passes oyer to 
the silyer of the picture, and changes the brown silver 
particles into white chloride of silver, which is invisible 
on the white paper. At the same time subchloride of 
merciuy (mercurous chloride), which contains less clilorine 
than the chloride of mercury, is precipitated. This body 
is also white, and therefore invisible on the white paper, 
Kow, there are several substances which colour this 
white subeliloride of mercury black. Among these are 
ammonia and hypo-sulphite of soda. If, therefore, the 
invisible picture is moistened with one of these sub¬ 
stances, it is coloured black and becomes visible. In the 
magic photographs formerly sold there was hypo-sulphite 
of sodium in the blotting-paper; this was dissolved on 
moistening the paper, the solution penetrated to the pic¬ 
ture and made it visible. 

Quite a different kind of magic photograph was 
offered for sale some years later—the magic cigar-holders. 
These contained a small sheet of paper between the cigar 
and the mouthpiece, wdiich was exposed to the action of 
the cigar smoke; with continued smoking an image be¬ 
came visible on the sheet of paper, which contained 
a magic photograph of the kind described above. The 
image w^as brought out by the vapour of ammonia which 
is contained in the smoke, and which has also the pro¬ 
perty of colouring the magic photographs black. 

The magic photographs of recent times were intro¬ 
duced at Berlin by Grime, but their principle was known 
before, as J. Herschel had produced similar ones in 1840. 

P 
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Section XI.—Scamoni’s Heliogsaphtc Process. 

Defects of the Silver Positive Process—Relief of the Photographic 
Xegative—Impress of the same on Copper. 

It was stated at an earlier page, tliat the time 
required to produce photographic positives formed a 
serious defect in the process. Every picture that has to 
be printed from a negative must have a longer or shorter 
exposure to the light, and the worse the light, the longer 
the time required. This is of no moment with a dozen 
portraits, hut if hundreds or thousands are to be prepai’ed, 
time is of consequence. 

Another disadvantage in the silver print is its high 
price and doubtful durability. Attempts have been made, 
since the discovery of photography, to overcome these 
defects by combining it with printing-press processes— 
lithography or metal-plate printing. The ordinary pro¬ 
cess of printing from a metal plate is as follows. The 
drawing is engraved upon a copper or steel plate; this 
is covered with engraver s ink, the ink penetrates into 
the incisions, and under a heavy press passes over to the 
paper, thus fonning the engraving. Impressions of this 
kind can he made in a short time in great quantities, 
without the help of light, and without employing expen¬ 
sive salts of silver. We showed in the first chapter 
(p. 10) that an incised drawing on a metal plate can be 
made with the help of photography by coating it with 
asphalt. But the same object can be attained in other 
ways; and one of the most original is that of Herr G, 
Scamoni, at St. PetersbiHg, the able heliographer of the 
Russian Imperial Office, for the preparation of State 
papers. 



THE APPLICATIONS OF PHOTOGRAPHY. 211 

He observed that an ordinaiy photographic negative 
does not form a plane surface, but appears'in relief; the 
transparent places—shadows—being deeper than the 
opaque. But the difference is very slight. Scainoni tried 
to increase it by treating the freshly taken and developed 
picture with pyrogallio acid and solution of silver. In 
this manner fresh silver was precipitated on the picture, 
which has the property of attracting and retaining silver 
separated chemically. The relief was considerably in¬ 
creased by this strengthening process. It can be augmented 
by a treatment with solutions of chloride of mercury and 
iodide of potassium, which transform the metallic silver 
into more bulky compoimds. A relief was ultimately ob¬ 
tained nearly as high as the incisions of an engraved plate 
are deep. If,now,a collodion positive be taken of a negative 
from a linear drawing, and treated as above described, we 
have all the requisites for producing from it an engraved 
copper plate. The relief-like photographic plate is 
brought into a galvano-plastic or electrotype apparatus, 
of Avhich we shall speak further on. This produces on 
the plate a coherent copper precipitate, which is in low re¬ 
lief where the plate shows high relief; that is, where 
there are strokes or outlines. Thus a copper plate is 
obtained from which impressions can be taken as weU as 
from one that has been engraved. This process is now 
used to reproduce drawings like copper plate. 

Maps are prepared in this manner, in which the 
original can be photographically enlarged or diminished; 
also writings on an enlarged and diminished scale* 
Scamoni has thus reduced a page of the illustrated 
journal, '^Ueber Landund Meer,” to sheets of one inch in 
width, on which the print is perfectly legible through 
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tlie microscope. Feats of this kind are not mere play, 
but they have a great importance for the preparation of 
paper money and for libraries, as we showed at pp. 11 
and 205. 


Section XIL—Photography and Jurisprudence. 

Photc^apliy as a Means of Identification—Photographs of Criminals, of 
Railway Accidents, Fires, Hoonments, etc. 

The application of photography to jurisprudence is of 
great interest. The faithful likeness of a man, or of an 
olgect, makes their recognition more certain than the 
most circumstantial description in words; and photo¬ 
graphy gives us such likenesses. Accordingly, repeated 
attempts liave been made to utilize it as a means of 
identification- This was first attempted in 1865, when 
the season tickets for the photographic exhibition at 
Berlin contained the poitrait of the holder, that they 
might not be transferred. This plan is now adopted in 
the season tickets of the Zoological Gardens at Berlin. 
It is still more important for the recognition of criminals. 
Old offenders are now photographed in prisons, partly as 
a means of recapture in case of escape, partly to detect 
them in case they should he again brought in under a 
false name. 

Justizrath Odehrecht, in a treatise on jurisprudence, 
recommends that photographs should be taken of bodies 
found dead or, in case of murder, of the victim and the 
surroundings, for the information of judges. This has 
been repeatedly done. Further, the scene of a railway 
accident, buildings that have been destroyed by fire or 
storms, are photographed for the information of railway 
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and insurance companies, or of the legal authorities. 
Photography is of especial use for this purpose since the 
pictures may be completed within a few minutes, and 
made even during the repairs. It is also of value in 
jurisprudence for detecting forgeries. Very frecpiently 
forged cheques are photographed in order to send a copy 
for the information of those interested. Stolen and 
recovered articles axe also often photogTaphed to bring 
them to the notice of the proprietor. In inan}^ large 
cities the police cause pickpockets and sharpers to he 
photographed, and show an album of this kind to per¬ 
sons who have been robbed. 

Section XIII.— PhotogsaphTj Inocstut, and Aet.^ 

Photograx^liy as a Means of Artistic Cnltnre—Extension of the Art of 

Drawing througli Photography—Pattern Cards—Building Plans. 

We have already laid stress upon the importance of 
photography as a means of reproducing works of art. It 
makes every work of art accessible to persons of slender 
means, and therefore it has become as important an 
auxiliary for popular culture in the province of art as 
the printing-press is for science. 

Photography is equally important in those branches 
of industry in which accurate plans are indispensable; 
for example, architecture and the construction of ma¬ 
chinery. In their case photography forms an addition to 
the art of drawing, effecting in a few minutes what the 
draughtsman coidd only accomplish in several hours or 
days, and copying with a faithfulness to which no 
draughtsman could attain. In connection with this 
subject we have already described, in onr third chapter, 
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the technical importance of the Uchtpaus, or new Talbot- 
type process. It is the easiest kind of photogi-aphy, but 
it only gives copies of the size of the original; however, 
the negative process allows an enlarged or diminished 
copy to be taken of every drawing, according to option. 
Photography is already very generally used for these re¬ 
productions. It is equally important for taking views 
direct from nature, be they machines or parts of 
machines, buildings or parts of building.s. Pictures of 
this kind present not only a graphic image, but they 
serve for instruction and demonstration in lectures. The 
photograph of a house, of which the length, depth, and 
height are known, supplies sufficient data for the dimen¬ 
sion of any part of it if the perspective be taken into 
consideration. Pictures on a small scale are commonly 
sent out as .specimen cards. Iron foundries, manufactories 
of bronzes and of porcelain frequently issue price li,sts 
with photographic illustrations, which are multiplied 
from negatives of originals by the Albert-type process. 
(See the folloAving chapter.) 

Further, an original application of photography has 
been made by architects who are at a distance from a 
building under their direction. They cause photographs 
to be taken every week, giving them a clear picture of 
the progress of the building. We have already hinted at 
the services that photography can render in the manu¬ 
facture of porcelain, and further in combination with the 
multiplying arts. We shall learn more on this subject in 
the Mowing chapter. 
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CHAPTER XV, 

PHOTOGKAPHy mTH CHROMIUM COMPOUKHS. 

We have given a full account, in the first part of our 
book, of the chemical and physical principles of photo¬ 
graphy with salts of silver, and of its application to art, 
science, life, and industry. 

Numerous attempts have been made to substitute 
other sensitive materials for the expensive salts of silver, 
and some of these attempts have been crowned with 
success. It is true that no substance has been hitherto 
found permitting a negative to be prepared in the 
camera as easily as iodide of silver. For the production 
of camera pictures from nature, we have no substitutes 
for iodide and bromide of silver. But positives from 
negatives already existing can be successfully produced, 
not only by the help of salts of silver, but also of other 
metallic combinations. The results obtained are indeed 
inferior in beauty to the silver pictures, but we shall see, 
later on, that they admit of multiplication in the print¬ 
ing-press without the help of light. We shall now 
describe the most important of these processes. 
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Section I.—Combinations oe Gheomium. 

Oxides (Combinationa of Cbrominm with Oxygen)—Salts of Chromium 
—Chromic Acid—Chromic Acid Salts in the Light—Ponton’s 
Discoveries. 

A. black mineral called chrome iron ore occurs in 
nature, especially in Sweden and America. If this is 
fused with carbonate and nitrate of potash, a beautiful 
orange-red salt is formed, which dissolves in water and 
readily crystallizes on evaporation. This orange-red salt 
is bichromate of potash. It consists, as implied by the 
name, of chromic acid and potash. The latter is the 
chief component part of the soap-boiler’s ley; the former 
is a combination of a metal, like iron, with ozygen. 
Gliromium and oxygen combine together in several 
proportions, thus: 

28 parts chromium with 8 parts oxygen form protoxide of chromium. 


28 „ 


„ 12 „ 

3> 

„ sesqtdoxide of cliroiumm. 

28 „ 

jj 

») 3) 


„ dioxide of cliromiam. 

28 „ 


« 24 „ 

?} 

„ cbromic acid. 


The last combination, chromic acid, is the best known 
of alL It may be prepared by addiug sulphuric acid to 
a solution of chromate of potash.: it crystallizes in red 
needles, which readily part with their oxygen. Thus 
alcohol, dropped upon chromic acid, takes fire; the 
chromic acid instantaneously gives up part of its oxygen 
to the alcohol, and is changed into a green substance, 
sesquioxide of chromium. The sesquioxide of chromium 
forms salte with acids; for example, sulphate of chromium. 
This unites again readily with sulphate of potash to form 
a double salt, which is known by the name of chrome 
alum, and is sold crystallized in very beautiful dark 
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violet oetalieclra. It is employed in dyeing, together with 
chromate of potash. 

If chromate of potash he mixed with a solution of 
protosulphate of iron (green vitriol), a brown precipitate 
of peroxide of chromium is formed, the iron salt having 
removed a part of the oxygen from the chromate. This 
is often formed hy the action of substances absorbing 
oxygen on chromic acid or its salts. 

Clwomic acid is of special interest to us, because both 
it and its salts are sensitive to light. Neither pure 
chromic acid, nor chromate of potash, are changed by 
light; they can he exposed for years to the sunlight 
without any decomposition being perceived. But as 
soon as a body is present that can 
unite with oxygen—for example, 
wood”fihre, paper, etc.—the light 
immediately produces its efiect. 

This tact was published in the 
same year as the discovery of 
photography, in 1839, by Mungo 
Ponton, in the ''NewPhilosophi¬ 
cal Journal.” He wuites:— 

" Paper immersed in bicliroinate 
of potash is powerfully and rapidly acted upon by the 
sun's rays. ..... When an object is laid in the usual 
way on this paper, the portion exposed to the light 
speedily becomes tawny, passing more or less into a deep 
orange, according to the strength of the solution and the 
intensity of the light. The portion covered by the 
object retains the original bright yellow tint which it 
had before exposure, and the object is thus repr^ented 
yellow upon an orange ground, there being several gmda- 
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tions of shade or tint according to the greater or less 
degree of transparency in the different parts of the 
object 

In this state, of course, the drawing, though very 
beautiful, is evanescent. To fix it, all that is required 
is careful immersion in water, when it will be found that 
those poidions of the salt which have not been acted on 
by the light are readily dissolved out, while those which 
have been exposed to the light are completely fixed on 
the paper. By this second process the object is obtained 
white upon an orange ground, and quite permanent. If 
exposed for many hours together to strong sunshine, the 
colour of the ground is apt to lose in depth, but not more 
so than most other colouring matters/’ 

It appears that Ponton made experiments similar to 
those of Talbot, in the first period of silver photography. 
Perhaps he also copied leaves (see p. 5). The copies 
which are produced in this manner on chromate of potash, 
are, however, immeasuxahly fainter than the copies on 
silvered paper. 

They may be easily prepared by exposing under dried 
leaves, a drawing, or a negative in a printing frame, 
pieces of paper which have been soaked in a solution 
of chromate of potash for about a minute, and then hung 
up to dry in the dark or by lamplight. 

The chromic acid is then reduced to brown peroxide 
of chromium, but if the exposure lasts very long the 
reducing process goes further, and a green oxide of 
chromium is formed. In this case the picture appears 
fainter. 

Ponton’s experiment remained a mere curiosity until 
the inventor of photography on paper containing silver 
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salts discovered another property of chromate of potash, 
which led to the most extensive applications. 

This propezdy consists in the action of the combina¬ 
tions of chromium on glae. 


Section II.— Heliographt with Salts oe Oheomium. 

Properties of Gelatine—Bicliromate of Potassium and Glue—Talbot’s 
Discovery—Effects of Light on the Solubility of Glue—Photographic 
Steel Engraving—Pretsch’s Photogaivanography—Printing in High 
and Low Relief—Importance of the Former—Difficulty of producing 
Half-tones by the Eeliographic Method. 

Glue in its purest form, known by the name of gelatine, 
is insoluble in cold water, hut it absorbs cold water 
like a sponge, and thereby swells. If it is warmed with 
water, it dissolves; but on cooling the solution solidifies 
to a jelly. This property is used to thicken soups. If 
to the warmed solution of glue be added alum, or a salt 
of the oxide of chromium, or chrome alum, the glue 
becomes insoluble in water, and forms a precipitate. On 
this is based the well-known system of white tanning; 
for in the tanning of a piece of leather fche alum combines 
with the gelatine contained in the leather, and this 
Izecomes thereby insoluble, and at the same time durable. 

Bichromate of potash and glue can be dissolved together 
in warm water in the dark, without the glue sufiering 
any change from the chromate. If a plate or a sheet of 
paper be covered with such a solution of gelatine and 
bichromate of potash, and the film be allowed to dry, it 
becomes firm, and yet remains soluble in water as long as 
it is kept in the dark. But as soon as the film is expensed 
to the light, the bicliromate of potash is reduced to oxide 
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of diromiiim, and this tans the film of gelatine; that is 
makes it insoluble in water. 

This observation was made by Fox Talbot in 1852, 
and, as a careful observer, he knew directly how to turn 
it to account. He coated a steel plate with a solution of 
chromate and gelatine, let it dry in the dark, and then 
exposed it under a drawing or a positive glass picture. 
The black lines kept back the light. Accordingly at 
these places the gelatine remained soluble, but was 
rendered insoluble under the white places, by the action 
of light. After exposure he washed the plates in the 
dark with warm water. By this means the places that 
had remained soluble under the black lines were dissolved; 
the others were retained on the plate. Thus Talbot 
obtained a drawing on the metal itself on a brown ground. 
This is woifhless by itself, but it provides the means of 
producing a steel plate for engraving. 

We have already explained, at p. 210, the nature of 
steel and copper-plate engraving. Both processes consist in 
the production of a metal plate which contains, in incised 
lines, the drawing that is to be reproduced. These lines 
retain the ink which is rubbed upon the plate, and transfer 
it to the paper. The hard steel plates have the advan¬ 
tage of lasting for many more copies than the softer copper 
plate; only the steel engravings are far inferior to copper¬ 
plate in artistic beauty, and therefore the former have lost 
favour. But the steel engraving is very important for 
preparing technical and scientific diagrams, paper money 
and the like, as less artistic beauty is required in their 
case. It was steel plates of this kind that Talbot pro¬ 
duced by the help of light. 

We have seen that his steel plate was covered with 
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an insoluble film of gelatine, and that the metal was 
uneovered at all places where the light liad not operated. 
He poured on it a fluid which ate into the steel; for 
example, a mixture of acetic acid and nitric acid. This 
mixture, of course, only attacked the steel \Yhere it was 
exposed, and thus produced an incised drawing in the steel 
j)late, so that the latter, after being cleaned, gives as good 
an engraving as if it were the work of the engraver. 

Thus a new process was found to replace the difficult 
■work of the engraver by the clieinical action of liglit. 

We have mentioned in the first chapter a similar 
process, based on the application of asphalt and a dif¬ 
ferent one by Scamoni. (See p. 210.) 

This discovery of Talbot was soon followed by a more 
productive one on the same ground. 

An Austrian, Paul Pretsch, prepared, in 1854, 
eopper-engravnigs by a similar method, with the help of 
the electrotype process. He also took a film of gelatine, 
w'liich contained chromate of potash, exposed tliis under a 
negative or a positive picture, and then w^ashed it in hot 
water. 

After doing this, all the places were retained which 
had become insoluble through the light, and after the 
wasloing and drying they stood out in high relief. 

Accordingly, in copying under a positive, the lines 
wliich were black in the original appeared in low relief, 
and the white parts in high relief. 

This film vras placed in an electrotype apparatus. 
This apparatus has the property of precipitating copper or 
other metals on a surface. It consists of a galvanic cell, 
as described p. 70, and a trough containing a solution of 
sulphate of copper. The reliefs which are to be copied, 
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having been made conductors of electricity by a coating 
of grapliite, are suspended from the zinc pole B (Fig. 90) 
of the battery in the sulphate of copper: to the copper pole 
Dy a plate of copper is attached. As soon as the galvanic 
stream passes, the solution is decomposed, and the copper 
adheres to the relief. The thickness of the copper 
depends on the time the current is allowed to last; ac¬ 
cordingly, plates of any thickness can be produced. 



Fig. 90. 


K tbe original was in low relief, the electrotype 
impression will be in high relief, and mce versa. There¬ 
fore, in the above case an impression is obtained with 
lines in high relief. 

This kind of plate is also adapted to give impressions, 
hut rather differently from an incised copper plate. In 
the latter, the engraver's ink is rubbed into the incised 
marks, and then under strong pressure conveyed to 
paper. 

In a plate with a drawing in high relief, the impres¬ 
sion takes place as in printing; the raised places are 
rubbed over with printer’s ink by the help of a leather 
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ball, or of a cylinder blackened with ink, and then 
printed on paper. Letter-press is produced in this 
manner; ail its letters are in high relief; also all wood- 
cuts which accompany the text 

The printing-press is the simplest and cheapest mode 
of multiplying copies. It admits of the use of cheap 
papers, -whilst eopper-plate engraying requires a thick, 
soft, special paper. The printing-press, moreover, admits 
of woodcuts being printed in the text, whilst copper¬ 
plate printing requires special plates. Lastly, the print- 
ing-press works with extreme rapidity, whereas copper¬ 
plate printing requires much more time. 

Further, the printing-press does not use up the type 
rapidly, as it works under feeble pressure; while copper¬ 
plate printing, whicli requires strong pressure, wears 
the plate considerably, so that after striking off a 
thousand copies, the impressions are no longer as good 
as at first. 

The production of photographic plates for the print¬ 
ing-press is of the greatest impoiiance, and Pretsch has 
taken the lead here. His process did not, indeed, produce 
the most perfect results. The low-relief plate which he 
produced on the gelatine film by the help of light was 
not deep enough to produce a high relief in the galvanic 
impression; but this is necessary, for otherwise the 
printer’s ink penetrates into the incised parts, which 
ought to remain white, while the washing of the exposed 
gelatine films with hot water easily destroys the finer parts 
of the picture, and this detracts materially from the value 
of the copies. Moreover, difficulties arise in preparing the 
electrotype plates; the film swells up and loses its form. 
In short, the affair is not so simple as it appears ; little 
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difi]CEltie3 exists and these occasion errors which the 
unprofessional hardly observe, but which considerably 
diminish the effectiveness of the picture. 

At an early period it was found that these processes 
offered a special difficulty, viz., the reproduction of the 
transitions from light to shade—the half-tones. These 
were so very imperfect that the representation of natural 
objects—portraits and landscapes—^was speedily given 
up, and people confined themselves to the reproduction of 
drawings, maps, and the like, on an enlarged or dimin¬ 
ished scale, and thereby to producing stereotype plates 
for copper engraving and printing. This application is 
of no little importance, for it prepares a metal plate ^for 
printing, by the help of light, in as many hours as an 
engraver requires days, and at far less cost. 

We add two plates to the present work, which have 
been prepared by Scamoni of St. Petersburg, by the help 
of gelatine and bichromate of potash, by a modification 
of the process just described. Both are impressions fi'om 
heliographic plates: the smaller one—Plate III, "Am 
Rhein”—is a plate in high relief, which is printed in the 
printing-press; the other—^Plate IV., " Johannisfest”—a 
low relief, in the style of copper engraving. 


Section III. —The Production or Photo-rediets. 

Pboto-sculptnres—The Pantograph—The Ponnt Process—Chromogela- 
tine-relief—Fount-relief hj Cold Water—Belief by Cold Water— 
Bif&culty of its Production—^The Transfer Process. 

More than ten years ago intelligence was received 
from Paris of an entirely new discovery—^photo-sculpture 
—^whieh was said to produce statues by the help of light. 
According to the description, this was effected as 
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follows: a person was placed in the middle of a circle of 
about twenty photographic apparatus, which at a given 
moment took twenty pictures of the person, and repre¬ 
sented him on every side. These photographs were 
aftetwards transferred to clay, by means of an instrument 
commonly called a pantograph. This consists of a system 
of bars a h c cl (Fig. 91). Of this system one bar can be 
turned about a pivot the others are moveable at the 
joints; m n are two pencils. If one pencil m is carried 


a. 



.along a drawing, the other pencil n makes the same 
movement, and, if a piece of paper be placed under it, 
draws exactly the same line which the iirst pencil w 
describes. If instead of the pencil % we conceive a knife, 
which cuts out in day the outline described by m, a 
profile is obtained in clay by moving % along the outline 
of an image, and in this manner all the outlines of die 
person taken can be transferred to clay. This photo¬ 
sculpture, as it is called, can only be carried out im¬ 
perfectly. . A eareful manipulation by a veiy clever 
artistic hand is nec^sary for the work, and is indeed the 
essential point As far as the author has examined 

t ' 
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matter, tlie pantograph is a mere pretence. A clever 
artist models the bust according to the photographs. 

Nevertheless, these reliefs can be produced by light, 
and these reliefs are not inventions of advertisers; they 
are easily produced, and it is surprising that the process 
has not yet made a stand. 

We have mentioned above the properties of gelatine, 
and remarked that it has the power of absorbing cold 
water and thus swelling up. This property is lost if the 
gelatine is saturated with chromate of potash and exposed 
to the light. If this exposure is made under a negative, 
aU the places situated under the transparent parts lose 
this property, while the other places not affected by the 
light retain it. Accordingly, if the exposed film be 
tlirown into water, the places which are not alFected by 
light swell, whilst those afltected by light are not 
altered. The result is a true relief,—^the lights are 
in high relief, the shadows in low relief,—and this is 
so strong that it can be cast in plaster of Paris. For 
this purpose the relief is dried 
with blotting - paper, rubbed 
with oil, and then a paste of 
plaster is poured over it. This 
soon hardens, and gives an im¬ 
pression of the gelatine relief, being in high relief where 
the gelatine is in low, and mce versa (Fig. 92). 

It appears as if a plate might he easily obtained for 
letter-press from such a gelatine relief. Let the gelatine 
fidm under a drawing be supposed to be exposed. The 
black lines then keep back the light; accordingly, the 
gelatine particles come out in high relief on being wetfced 
with water. The drawing is therefore represented in 
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high relief, and this is exactly what the printer requires; 
nothing further would now be required than to cast the 
relief in plaster, and recast the plaster form in metal, as 
happens daily in the stereotyping of woodcuts. But un¬ 
fortunately this process breaks down, owing to a trifling 
circumstance—the lines in the wet relief do not swell 
to the same height. But the printing-press requires them 
to be perfect!}^ level, otherwise they cannot be equally 
inked and printed. 

On the other hand, the casting can be very well 
utilized as a picture in relief, if suitable retouches are 
given to it. Reliefs, of this kind with portraits were 
sold some years ago for seals, but the execution was 
very imperfect, and therefore they soon lost favour. 

But reliefs can be obtained in another way from an 
exposed gelatine film, namely, by hot water. As we have 
seen above, this dissolves the parts which, not having 
been affeet6Kl by light, have remained soluble, wliile the 
parts aflected by light, and therefore insoluble, remain 
untouched. These parts that have remained insoluble^ 
stand out as prominences. 

Another precaution is necessary. Suppose that N 
(Fig 93 a) is a negative, that c c are its transparent parts, 
and b the semi-transparent, what are called half-tones. If 
a film of prepared gelatine g (Fig. 93 &) is exposed under 
them, the light penetrates in various degrees, according 
to its strength—^most in the transparent places, less in 
the semi-transparent, and not at all in the opaque parta 

Accordingly, insoluble films of different thickness will 
he formed, as represented in 6. The shaded parts in the 
figure denote the portions that have become in^luble. 

If now the film of gelatine (Fig. 93 b) is plunged in 
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hot -water, all the parts left -white in the figure become 
dissolved; hut at the same time the half-tones not adlier- 
ing to the substratum P—for instance, paper—become 
detached and are tom off. Therefore a relief of the fom 
d remains behind; the half-tones ( 1 / y) are wanting. In 
order to avoid this a support must be given to the 
exposed surface to retain the half-tones. For this pur- 


& ay «/ 
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pose a piece of paper, moistened -with white of egg, is 
laid on the exposed surface and becomes firmly attached 
to it. If the sheet is now immersed in hot water, the 
film P becomes detached from y, the little portions 
of gelatine remain attached to the albuminized paper; 
•the white places in Fig. 93 h become dissolved, and all 
the half-tones 2 /^ adhere firmly to the new layer, as 
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hi Fig. 93 e, and form a relief This is named the transfer 
process. If the relief produced by cold water, described 
p. 226 (Fig. 93 c), is compared mth that produced with 
hot water (Fig 93 c), the difference is at once apparent: 
in the former case the parts not affected stand out in 
relief, in the latter case those exposed to light. 


Section IV.— Feinting in Eelief. 

Frodnctioo. of Photograpliie Half-tones—Proflnction of a Printing Plate 
in Eelief from a Gelatine Eelief—^Woodbury’s Printing Process—Its 
Importance—Planting in Eelief on Glass—Magic-lantern Pictures. 

Although production of reliefs with cold and also with 
hot water, described in the previous chapter, has not at 
pi'esent been utilized for any kind of photo-sculpture, 
a new printing process has been founded on it, which 
was invented by Woodbury in 1865, and has been called 
Woodbury “type, from its inventor. 

The heliographic methods of printing previously 
described are apparently very simple. Pictures of all 
objects cannot, however, be prepared by these methods. 
A linear drawing, such as a map or letterpress, can te 
reproduced either on an enlarged or diminished scale, by 
these methods; but pictures with half-tones, such as 
sepia drawings or photographs from nature, cannot be“ 
so copied. The soft half-tones become rough and hard, 
rendering the picture very ugly. According to Osborne, 
the cause of this is found chiefly in the , nature of half¬ 
tones in copper-plate printing, which are formed by a 
series of lines at various distances from each other or by 
roughening the plate; the latter method produces a series 
of points, which, according to their dist^ces from each 
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other, give a lighter or darker shade or half-tone. The 
half-tone of sepia di'awings and photographs is quite 
different It is not formed of strokes or points, hut in 
a homogeneous light or dark colour. 

Accoixlingly, it was first necessary to break up the 
photogi'aphic half-tone into a series of strokes or points, 
to make it a copper-plate half-tone, and this constitutes 
the difficulty. 

Woodhury conceived the idea of producing, hy a 
new prmtmg process, homogeneous half-tones, perfectly 
similar to those of photogi’aphs or sepia drawings. 

He produced a relief hy exposing a film of prepared 
gelatine under a negative, and then treating it with hot 
water. (See last chapter.) This relief shows the dark 
parts of the original in high relief, and the light parts in 
low relief. For the negative is transparent where the 
original is black; hence the light passes unimpeded 
through those places. The half-tones are formed hy the 
vaiying height of the gelatine film. (Compare Fig. 93 c.) 

If this gelatine relief is suffered to dry, it becomes 
wonderfully hard and firm. It can then he placed with 
a plate of lead under a strong press, and a clieM of the 
rehef can he thus obtained in lead. The prominent 
pai'ts of the gelatine relief appear, of course, depressed 
in the lead, and the depressions prominent, as represented 
in Fig. 93 d. 

Woodbury uses this lead relief as a printing plate. 
But he does not print it off with oily printer s ink, which 
is too opaque, but with a semi-transparent gelatine ink. 
This is poured warm on the plate in a horizontal position, 
it penetrates into the depressions, and now, if a piece of 
paper be placed upon it and pressed gently down, the 
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gelatine consolidates quickly, and an impression in relief 
is obtained on the paper. As the ink is transparent, it 
appears in thin sheets much less black than in the thick, 
and in places where its thickness gx^adually diminishes 
occurs a transition from black to white—a perfectly 
homogeneous half-tone. As soon as the coating dries, 
the relief contracts considerably, but the semi-trans¬ 
parency remains, and thus it is possible to reproduce the 
most beautiful half-tones of photoginphy by printing. 
Any colour may be used in this process. 

This relief-printing of Woodbury has already attained 
a high importance. It makes the multiplication of photo¬ 
graphic negatives from a single printing form possible 
without the help of light. It is therefore of imporfance 
where a gi*eat number of pictures are required; for 
example, in the production of copies of oil-paintings and 
drawings. Photographers do not use it much in por¬ 
traiture, because the production of a faultless gelatine 
relief and its impression on lead require great practice 
and an expensive apparatus, which would not pay in the 
limited sphere of portrait photography. 

The frontispiece of the present work, representing the 
moon, from a photograph hy Rutherford (mentioned 
p. 188), is an impression in relief, by the Relief Printing 
Company in London. 

It is a special advantage of the relief-printing process 
that it admits of printing on glass. Wonderful trans¬ 
parencies are thus obtained, very efiective as window 
ornaments. Goupil has prepared copies of oil-paintings 
by this method, and they are frequently to be seen in 
the windows of our dealers. The transparent stereo¬ 
scopic pictures on glass, produced by this proc^m, are 
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equallr diarming—in sharpness and softness they almost 
excel the ordinary silyer copies. Eecently a number 
of beautiful roagie-lantern pictures, produced by the 
Woodbury process, have been oSered for sale, and \vill be 
eventually used as an important means of instruction in 
schools. The author has a collection of American land¬ 
scapes of this kind, which, when enlarged in the magic 
lantern, are more instructive than the fullest geogra¬ 
phical treatise. 

Pictures of this kind can be sold much cheaper than 
the ordinary transparent photographs for stereoscopes. 
(See the chapter on landscape photography, p. 155.) 


Section’ T.~Pigmext Peintixg. 

Poitevin’s Process—Production of Pictm-esin any Kind, of Pigment—Its 
Difficulty—Inverted Impressions—Transfer Process—Comparison of 
Pigment and Silver Prints—Braun’s Facsimile of Coloured Draw¬ 
ings—^Transfer by Contact. 

We have seen above that gelatine mixed Avith bichromate 
of potash becomes insoluble in the light. This fact was 
made by its discoA^'erer, Talbot, the basis of heliography— 
that is, of photographic steel engraving. PoiteAun, a 
Frenchman Vfho has done much to promote photography, 
founded on the same method another process: he pro¬ 
duced pictures in various colours. He first used carbon 
as a pigment, thus obtaining carbon pictures. 

The process is simple: Poitevin coated paper Avith 
prepared gelatine coloured 'with lampblack, and exposed 
this under a negative; he then Avashed the film in both 
Avater, Avhich dissoh^ed those parts of the gelatine un- 



PHOTOGRAPHY WITH CHROMIUM COMPOUNDS. 233 


affected by tlie liglit, wliilst tlie insoluble i)arts retained 
their colouring matter and thus formed a picture. 

Practical difficulties occur even in this simple process. 
As has been akeady mentioned, the action of the light 
does not always penetrate the whole thickness of the 
film. The half-tones have, therefore, no support, and are 
torn off in washing (see Fig. 93 c, p. 228). Before treat¬ 
ing the films with hot water, it is therefore necessaiy to 
transfer them, as described in the chapter on photo-reliefs. 
All albumenized sheet is pressed in the dark on the 
coloured film of gelatine, and then the whole is plunged 
into hot water; the half-tones adhere to the paper pressed 
upon them, and the image appeal's uninjured on it, as in 
Fig. 93 e. 

The picture is, of course, reversed ; that is, what was 
originally to the right in the lower image comes now to 
the left. That this is so can be easily seen by writing a 
word with thick ink in large letters on a piece of pap^T, 
and laying a piece of blotting-paper on the wet writing. 
The reversed impression of the writing is seen on 
removing the blotting-paper. In the letter copying-press 
the same thing takes jilace, and therefore the letters are 
copied on veiy thin paper, that they may be read on the 
reversed side, because viewed from that side they appear 
in their first position. The gelatine prints cannot be 
printed on such thin paper; therefore, if tlie reversed 
position is inconvenient, the picture must be again trans¬ 
ferred. This has been latterly managed in the following 
manner:— 

The moist gelatine film is placed after expcBure upon 
a smooth zinc plate, to which on drying it become veiy 
fiimly attached. The copy thus glued to zinc is immersed 
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ill warm water, the paper becomes detached, and the 
developed image adheres to the zinc plate. A sheet of 
white paper is now fastened with glue upon the zinc 
plate, and allowed to diy. The gelatine picture adheres 
feuily to this paper, and may, with care, be detached from 
the zinc plate. The picture thus appears unreversed 
upon the paper. This more recent form of the process is 
employed in England at Woolwich Arsenal. 

The pictures thus obtained are very similar to those of 
the Woodbuiy-type j they surpass the latter, however, in 
the fineness of their details and the ease with which they 
may be produced. 

This process has not yet supplanted silver printing, for 
the expense of the material, owing to the twofold use of 
paper, equals that of silver photography, and the labour, 
being somewhat more complicated, is therefore dearer. 
The pigment impressions have a great advantage in the 
fact that they can be produced in any colour; genuine 
Indian ink may he used for them, and then peiTectly 
dumble pictures are obtained that do not turn yellow or 
black. 

In the same way red, sepia, blue, and so on, can be 
mixed with the gelatine, and thus pietmes can he 
produced in those colours. This circumstance is im¬ 
portant when it is wished to reproduce coloured drawings. 
Quantities of such dravdngs and sketches of the old 
masters are in various museums. Braun of Dornacb, in 
Alsace, the same photographer who made himself con¬ 
spicuous for his Swiss views, has undertaken to reproduce 
such drawings in their original colour by the process just 
described, preparing first a silver negative in the usual 
way, and printing from this on coloured gdatine films. 
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He has thus made cheap facsimiles of many drawings of 
which no copy had previously existed. 

Latterly, a very interesting observation has been made 
by Abney, in England, in relation to the foregoing 
process. He remarked that if an exposed film of gelatine 
remained a long- time in the dark the insolubility in¬ 
creases. Accordingly, a film of this kind which, freshly 
developed, would only give a faint image, after some 
hours gives a strongly defined image. This fact allows 
the time of exposure for pigment pictures to be consider¬ 
ably reduced; that is, a larger number of pictmres to be 
made in the same time. 

Still more interesting is an observation of Marion, at 
Paris. He exposed under a negative a sheet of paper 
sensitized with bichromate of potash, and then pressed it 
in the dark on a moist film of coloured gelatine also 
sensitized with bichromate. The gelatine became in¬ 
soluble wherever the paper had been aflected by the 
light, and on development with hot water a pigment 
picture was obtained on the paper. 


Sectiojs- YL—The ALBEfiT-xiTE. 

Services of Poitevin and Tessie de Mothay— Alberi-type—Metlioda—Use 
and Comparison with the Woodhuiy-type, 

We have seen that the pairts of a gelatine film confin¬ 
ing bichromate of potash, which are exposed to the action 
of light, become insoluble in water, and do not swell on 
being moistened; at the same time they acquire the 
property of adhering to fatty inks. Thus if an expo^ 
film is moistened with a wet sponge, the unaltered places 
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only absorb the water. If, on the other hand, printer’s 
ink be rubbed over the film, those places only wliich 
have been changed by the light retain the ink. This 
fact was discovered by Poitevin, the author of many 
valuable discoveries in photographic chemistry. 

If a piece of paper be pressed on such a film of gelatine, 
coated with printer’s ink, the ink adheres to the paper, 
and thus a prmt is obtained of the negative, under which 
the film had been exposed. 

This peculiar mode of printing gave at first very 
imperfect results. The process was rendered diflicult 
from the fragile nature of the gelatine film, the difficulty 
of finding the right time for exposure, the proper con¬ 
sistency of the printer’s ink, and other obstacles. After 
a hundred impressions, the film of gelatine was generally 
so injured that it was useless. Tessid de Mothay, at 
Metz, obtained moderately good results with the process, 
but Albert, of Munich, was. the first who succeeded in 
making it of any practical importance. 

AH experimenters before Albert had transferred the 
gelatine film to metal, to which it only adhered im¬ 
perfectly. Albert poured the gelatine solution of bi¬ 
chromate of potash in the dark, on glass, and exposed it, 
after drying, glass upwards, for a sliorf time to the light. 
In this way the light produced a superficial effect; the 
part of the gelatine adhering to the glass became in¬ 
soluble, and thus firmly fixed. A negative was then 
placed on the film and exposed to the light. A faint 
greenish picture is thus produced. The exposed film i^ 
then washed in water until all the bichromate is re¬ 
moved, and then is suffered to dry. 

To print from such a film, it is first rubbed with 
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a Sponge wetted with a dilute solution of glycerine. 
Those parts only of the film which axe unaffected by 
light absorb the water. A leathern roller is inked by 
rolling it on a slab of marble on which printer s iiiK has 
been spread/and then, lightly passed seveml times over 
the gelatine film. All places which haye been affected 
by the light retain ink from the rolleiv but not so the 
others, and finally a well-defined picture appears on the 
originally almost colomiess surface. As soon as it has 
been sufficiently inked, a piece of paper is laid upon it, 
and passed through rollers coated with india-rubber, the 
plate being laid on a sheet of the same material. In this 
manner the ink of the picture passes over to the paper, 
and produces thus an impression with afi half-tones. The 
inking and printing can be repeated at option, and thus 
thousands of copies may be prepared if the plate is very 
firm. 

These Albert-types, or " Lichtdrucke,” as they have 
been latterly called, approach, but do not equal, the 
silver prints in beauty. The process is well adapted for 
copying pencil and chalk drawings, which are reproduced 
with the utmost fidelity. Herr Albert has reproduced 
and published Schwind’s Fairy Tale of the Seven 
Ravens, and several cartoons of Kaulbach, by this prio- 
cess. It has also been used by Obemetter for printing 
the views taken by the photographic department of the 
Prussian army in the late war. The views of the Vienna 
exhibition, sold in the building, and by many supposed to 
be ordinary photographs, are Albert-tjrpes by Obemetter 
of Munich, who, as well as Albert, has done much in 
developing this process. In the annexed double pidnre 
by Obemetter we give a specimen of an Albert-type. 
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The brilliancy of these pictures is produced by giving- 
them a coat of varnish. 

If the prints by this process be compared with Wood- 
Imry-types, it is seen that the latter give'the shades and 
dark parts better, but that the white parts often appear 
discoloured. The Woodbury-types are also much more 
like photographs than the AJbeidi-types, for the latter 
have a lithographic tone. It is only by coating with 
varnish that they are made to resemble photographs. 
But both methods are rather inferior to ordinary silver 
photography, which has never been surpassed in the uni¬ 
formity of its half-tones, in the beauty of its lights, and 
the depth of its shadows, and which has one special 
advantage over both processes, and that is the ease of 
production. The preparation of pictures by the Albert or 
Woodbury processes requires a printing plate, to obtain 
which a more complicated plant is necessary than in the 
ease of the ordinary silver print, and also a skilled artist. 
Silver printing gives good results with simple means, and 
even in inexperienced hands. It will therefore always 
be preferred for portraits, where the object is often only 
to produce a dozen pietimes. The Woodbury and Albert 
processes are of great importance when the object is 
to produce large numbers of pictures in a short time. 

Section YII.—Aniline Printing. 

Aniline Colonic—Action of Chromic Acid on Aniline—Its Use in Photo, 
graphy—'Willis’s Printing Process—Its Application. 

Every one knows the brilliant aniline colours—^Hof¬ 
mann's violet, magenta, aniline green, and others. We 
are indebted for these wonderful pigments, surpassing all 
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earlier dyes in brilliancy, depth, and reflecting power, 
principally to the noted chemist, Hofmann. The colours 
are due to the action of various oxidizing agents on 
aniline. 

Aniline is a substance -which resembles ammonia in 
its chemical relations, but having a different odour and 
a different chemical composition. The substance is 
obtained as a bro-wn mass from coal tar on distUlation. 

If this brown fluid is treated with chlorine or nitric 
acid, or manganese and sulphuric acid, or arsenious acid, 
various shades of colour are produced. One specially 
interesting ns is the colour formed by heating aniline 
with chromate of potash and sulphuric, acid; the result is 
a peculiar violet substance—aniline violet. Chromate 
of potash, as ah’eady seen, plays a pai^t in some of our 
photo-chemical processes, and on this substance is based 
the aniline printing invented by Willis, 

Willis immerses a piece of paper, in the dark room, 
in a solution of chromate of potash and sulphuric acid. 
He exposes the paper under a positive picture, c.gr., a 
drawing or copper engraving. The light shines through 
the white paper, and in these places the chromic acid is 
reduced to oxide of chromium, which does not affect 
aniline colours; on the other hand, the chromic acid 
remains unchanged under the black strokes, which keep 
hack the light. After the exposure a very faint picture 
is seen of unchanged yellow chromic acid. 

If this faint picWe is exposed to the vapour of 
aniline, a brown colour is produced at the places where 
the yellow strokes exist, and in this manner the original 
faint yellow becomes well defined. To expose the prinfe 
to aniline vapour they are placed in a covered box with 
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a piece of blotting-paper, moistened -with' a solution of 
aniline in benzine.* This process produces a positive 
picture from a positive, and is therefore very valuable in 
producing faithful copies of di-awings. These copies are 
of course reversed, as if seen in a mirror. This circum¬ 
stance hmits their use in many cases. We have already 
explained the reason of this reversal (p. 233). Copies 
can, however, be obtained in their proper position if the 
original drawing is very thin. In that case the back of 
the drawing is placed against the chromic acid paper, 
and the light, is suffered to shine through it from the 
upper surface. 

Another disadvantage of this jrrocess is that the 
chromic acid paper must be always freshly prepared, as 
it quickly spoils, and th4 difficulty of aseertaiuing the 
proper time for exposure. If the time is too short, 
tmchanged chromic acid remains everywhere on the 
paper, and thus the whole picture is blackened by the 
aniline. If, again, the time is too long, the light acts 
gradually through the black strokes of the ffiawing, 
reduces the chromic acid, and the paper then remains 
entirely white in the aniline fumes, as no more chromic 
acid is present to form aniHne colours. These circum¬ 
stances limit the value of the method, and cause the 
Uchtpaus process (p. 25) to be preferred to it. In Eng¬ 
land the aniline printing is practised hy the inventor, 
who prepares copies to order. 
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Section VIII.— Photo-Ltthogeaphy. 

Natore of Litliograplij—ChromoTitliography—Zincography—^Poitevin’s 
Discovery—Photo-lithography—Its Application in multiplying 
3Iaps qnickly—^Its Importance in War—^Difficulties—Photo-litho¬ 
graphy with Asphalt. 

By litliogi^apliy is imdeivStood a process of printing 
from a drawing or painting on a prepared stone. Near 
the little Bayarian town of Solenhofen, there is a clayey, 
rather porous limestone, easily polished and worked. 
Such limestone is used for lithography. But the litho¬ 
graphic press differs essentially from copper-printing and 
book press, because the di^awing on stone is neither raised 
nor incised. The lithographic stone forms, when ready 
for printing, a smooth surface; and in this the process 
is peculiar, differing from all other modes of printing. 
If a drawing is made on a lithographic stone with 
ink consisting of colour and a fatty substance, e.g,, oil, 
and the stone is moistened with water^ the porous stone 
is wetted only in those places where there is no oily 
colour, for oil repels water. An oily ink, such as printer's 
ink, is then rubbed on the stone with a leathern roller 
and only adheres to the previously inked spots—that is, 
to the drawing. 

lifter the stone has been inked as above, if a piece 
of paper is pressed upon it the ink parses over to it, 
and a lithographic impression is obtained. The stone 
can he evidently used any number of times, and thus 
thousands of copies can be produced. This style <i 
printing has many advantages over copper engraving. 
The engi’aving of a copper plate is a difficult matter, often 
requiring a labour of years, whereas the drawing on stone 

B- . 
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is almost as easily made as on paper. In like maimer, 
printing from a stone plate lias fewer difficulties than 
tliat from a copper plate. Corrections are easier to make 
on the stone, and further, after the surface has keen re¬ 
moved by grinding, the same stone may be used for 
another drawing, and so on for many years. These 
chcumstances have brought lithography into general 
use: teclinical dra-^gs, wine labels, circulars, visiting 
cards, price lists, calendars, illustrations of books, atlase.% 
scientific pictures, and a thousand other things are pro¬ 
duced hy lithography. Of late years a development of 
this process, called clnomo-lithography, has come into 
general use, and is by far the most important method 
of producing coloured pictures mechanically. Chromo- 
lithography is rather more complicated than common 
lithography. If it is wished to make a chromo-lithograph 
of a painted picture, not only one stone, hut a separate 
stone for every colom' must he prepared. For example, 
to prepare a picture of an object in which blue, red, 
and yellow tones appear, a drawing in blue ink of aU 
the blue parts must be made on a separate stone; a 
second and third stone are required for the yellow and 
red places. Prints must he made from each stone 
successively on the same piece of paper in the proper 
position, and thus a picture in colours is obtained. If 
such a picture is then coated with a brilliant varnish it 
becomes an oleograph.’’ Though chromo-lithography 
offers great advantages for maps, ornaments, etc., and 
affords many excellent artistic specimens— e.g,, the 
chromo-lithographs of Hildehrandt’s water-colour paint¬ 
ings—^we must express an adverse opinion of oleography, 
which, with a few honourable exceptions—by Prang at 
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Boston, Kom at Berlin, and Seitz at Hambm^g—^produces 
pictures of very small artistic value, and lias done niueli 
to injure public taste. 

ill artist’s taste and knowledge of colour are necessary 
for cliroiiio-litbograpliy, and the printers do not possess 
them. 

Closely related to lithogi'aphy is zincography, which 
we shall glance at here before passing to photoditho- 
gi-apliy. 

Zinc, curiously enough, has the same property as 
lithographic stone; for if drawings in oily chalk be made 
on a zinc plate, and then the whole moistened with gum 
water, the plate may be inked with oil colours, and thus 
a picture be obtained of the chalk drawing. The print¬ 
ing, therefore, presents results similar to those of litho¬ 
graphy ; but the preparation for zinc printing has more 
difficulties than lithography, so that the use of zinc for 
this purpose is limited. 

We have given a brief survey of the principles of 
lithography and zincography, as far as necessary to under¬ 
stand what follows. Both processes resemble the Albert- 
t}’pe printing in many respects; in both cases the surface 
has the peculiarity of retaining ink in some places and 
repelling it in others—^but the Albert-type is of rtxjent 
date, while lithography has existed seventy years. When 
photography was invented, it depjrived lithography of 
an important branchy that of portraits. Even in 1S50 
numerous lithographic portraits were made of individuals. 
But since the introduction of cartes de visite, portrait 
lithography has greatly fallen off, and is only used for 
cheap likenesses of distinguished persons. The litho¬ 
graphs from oil-paintings have also suffered through 
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photography, which thus entered into competition with 
lithography. Poitevin, who allied the two by inveiitina- 
photo-lithography, endeayoured to economize the labour 
of the lithographic draughtsman, and to replace it by the 
chemical action of light. He coated lithogTaphic stones 
■with chromate of potassium and gelatine, and exposed 
them under a photographic negative. The picture 
thus obtained was then washed and inked. All parts 
afiectecl by light took the colour, and gave an impres¬ 
sion in the press. The first attempts of the kind were 
very imperfect; the pictures were especially wanting in 
half-tones, which were lost in washing, as they are in 
the pigment process (see p. 233). An improvement was 
introduced by Asser and Osborne; they printed the 
negatives on paper prepared with bichromate of potash 
coated with gum gelatine or albumen, and then they 
inked this. Such paper has the peculiar property of 
retaining printer’s ink on the exposed places only. After 
inking, the paper was carefully washed and then pressed 
on a lithographic stone. This absorbed the colour, and 
thus the pictui’e was perfectly transferred to the stone, 
from which excellent lithographic prints could be 
obtained in the ordinary way. Though half-tones were 
thus produced, the impression fell far short of photo¬ 
graphs in quality. The lithographic half-tone difiers 
essentially from the photographic, which forms-a homo¬ 
geneous surface, while the lithographic half-tone appears 
as a mass of black points more or less near together. The 
granular structure of the stone does not allow such deli¬ 
cacy as may be attained by photography; therefore, photo¬ 
lithography is employed only where cheap production 
of many copies is of greater moment than delicacy. 
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Quite recently, maps of rivers and mountains have 
been sold by Kellner & Co., at Weimar, which have been 
produced by photographing plaster reliefs, and printing 
from the negatives then obtained by photo-lithography. 
The maps were produced without the aid of a draughts¬ 
man and at so low a price as to make them accessible to 
the poorest students. 

Photo-lithography cannot be used to reproduce works 
of art. For this the Albert-typ>e, with its excellent half¬ 
tones, is a formidable competitor, though photo-litho¬ 
graphy is very useful, because a great number of impres¬ 
sions may be obtained from the same plate, while the 
number from a gelatine plate is always limited, and the 
prints moreover are of varying quality. 

In one branch photo-lithography surpasses all other 
reproducing arts; that is, in producing copies of maps 
which have been drawn by hand. The preparation of 
geographical maps requires much time and care. The out¬ 
lines of mountains, livers, and countries must be executed 
with the greatest exactitude_, coiresponding to the measure¬ 
ment. Frequently draughtsmen and engravers are em¬ 
ployed for the various details, and though working 
conscientiously, inaccuracies are unavoidable, and make 
corrections necessary. All this takes time and trouble. 
If the object is now to make an enlarged or diminished 
copy of an existing map, the same difficulties occur, and the 
diminishing is especially ti'oublesome. The pantogmph 
is a useful aid here, but does not exclude inattention in 
the draughtsman. In this respect photography is 
invaluable as an aid to map-making. "With very grmt 
ease, enlarged or diminished copies of an original may 
Ijc prepared as negatives by photogmphy; in a few hours 
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this is copied on stone, and within a day photo lithogi'aphy 
can throw off thousands of enlarged, diminished, or 
original sized copies. 

If it were wished to make a lithographic stone draw¬ 
ing by hand, several days would be necessary, and it 
would be far less exact. No photogTaphic printing 
process is as rapid as photo-lithography, and it has 
in consequence been much used in map-making, especially 
where a large number of copies are required. In the 
French war, the advancing troops needed, before all 
things, maps of the territory to be occupied. But there 
was not a sufficient supply of maps of France to provide 
whole Ai’my Corps with. It is impossible to keep a 
stock of such maps, as no one can teU where a campaign 
will take place. Photo-lithography was here an im¬ 
portant means of preparing thousands of copies from one 
original map; and thereby contributed to the successful 
advance of the German army, which, with these maps 
in hand, showed itself better acquainted with the enemy’s 
territory than the enemy’s troops themselves. The photo¬ 
lithographic estahlishnient of the brothers Burchard, at 
Berlin, produced in the war of ISTO-Tl, 500,000 maps. 
Plate V. is a specimen of this process. 

In connection with this subject we must mention 
Herr Korn of Berlin, whose work belongs more to pure art, 
Particulaily admirable are the photo-lithographic copies 
of the drawings made by Berg in the Japanese expe¬ 
dition. These are so faithfully reproduced that original 
and copy cannot he distinguished—^the character of the 
originals being, of course, very favourable to photo-litho- 
gi'aphic reproduction. 

Faint drawings place difficulties in the way of photo- 
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graphic reproduction, especially when they have a bluish 
tint; and therefore pencil drawings are very difficult to 
photograph. No perfect photo-lithograph can be produced 
from an imperfect photographic negative. Thus far, 
therefore, the character of the original has a very material 
influence. Berg's drawings are executed in strong black 
Indian ink, and therefore easy to reproduce. In the 
Austrian Institution of Military Geography, the map 
drawings which are to be copied by photo-lithography 
are so executed from the first that they make a favourable 
photographic object, or, to use the technical term, come 
out well. For the photographic reproduction of a drawing 
brown tints, such as umber, when mixed with Indian ink, 
are the best. On the other hand, much depends on the 
paper being without blemish; yellow spots, scarcely 
visible to the eye, have the same effect in photography 
as black ink. We knew a case in Korn's photographic 
printing-house where an unblemished drawing of a map 
came out as a photograph full of spots. The defect was 
attributed to the chemicals, until it was found that 
minute rust spots in the paper, which had got into it 
during manufacture, were the cause of the defeei In 
such cases the evil can only be remedied by retouching 
the negative. 

The nature of photo-xineography will now he clear 
to the reader: for the treatment of the ^inc plate and of 
the stone is the same. The negative is either copied 
directly on the zinc plate, coated with gelatine and 
bichromate, or a copy from the negative is prepared on 
chromo-gelatine paper, and the paper is then inked and 
transfeiTed by pressure to the zinc plate. In boA 
the prints may be taken directly from the zinc 
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It must be remarked that, even without photography, 
direct mechanical copies can be made of maps, writings, 
etc., if the original be executed in oil colours by a transfer 
process. The back of the original is moistened with 
acidulated gum water, and then, the face is inked with an 
oily ink which adheres only to the oily strokes of the 
drawing or printing. The original, thus freshly inked, 
is then placed on a fresh stone, or a freshly cleaned zinc 
plate, and pressed. The drawing passes over to the stone 
or the zinc, and can be easily multiplied by inking and 
printing. It is difficult to preserve the original, wliich is 
often much damaged by the pressui^e. Still more difficult 
is it to obtain clean lines, for the ink is often squeezed 
out by the pressme, and if the lines are close, as in the 
mountain lines of maps, they run together; therefore 
the process has been more applied for copying old hooks, 
which have been reproduced page by page in this way. 

It is self-evident that only reproductions of the 
original* size can be made by this process. 

We have to mention another process of photo-litho¬ 
graphy, based on the use of asphalt. We have aheady 
described this in our first chapter as a sensitive substance, 
and algo a process called heliography, which produces, by 
means of photography, copper plates and steel plates for 
printing. Asphalt serves also for photo-lithography. A 
lithographic stone is sprinkled with a solution of asphalt 
in ether, allowed to dry in the dark, and exposed under 
a negative. Th# asphalt becomes insoluble on the exposed 
places, and is retained upon treating the stone with ether 
or benzine. If the stone is then damped, the moisture 
only penetrates where no asphalt covers the stone. On 
rolling it after this with an inked roller, the fatty ink is 
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not retained by the damp places, and only adheres to the 
asphalt—that is, to the picture; thus a stone giving 
impressions is obtained. This method gives good results 
in the hands of several practitioners, and is preferred by 
many to the gelatine process, though asphalt is much less 
sensitive than the prepared gelatine. 


Section IX.— Encaustic Photogkaphy with Salts or Oheoitium. 

Poiteviii’s Process—Action of Ricliromate of Potasli on Sticky Substances 
— Pictures developed by Dust—Pictures on Porcelain—Oidtmaiui^s 
Pyro-photograpby—Application to tlie Decoration of Glass—Pbqto- 
grapliy and Painting on Glass. 

Photography has become .allied to almost all the 
multiplying and descriptive arts, though it was at first 
looked upon as their rival. It is not supprising, there¬ 
fore, that it has become a help in porcelain painting and 
decoration. We have akeady mentioned (p. 207) the 
peculiar process of changing silver pictures into gold and 
platinum pictures, transferring them to porcelain, and 
burning them in. This method might be called a wet 
process; the same end can be obtained by a dry method, 
and by the help of salts of chromium. The original 
method was invented by Poitevin, and subsequently was 
materiaEy improved by Joubert in London, and Ober- 
netter at Munich. It consists in thfo: a mixture of gum, 
honey, and bichromate of potash is poured on glass; 
film is carefully dried in the dark, an! then exposed 
under a positive. This film of gum, when freshly pre¬ 
pared, is sticky and retains any colouring matter strewn 
over it in powder, but after exposure to light the film 
loses its stickiness. If this exposure tak^ pMS' iw&r ^ 
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clra-wing mth "black strokes, the film niider them will 
retain its stickiness, but lose it beneath the white, trans¬ 
parent parts of the paper. 

Therefore, if anj colouring matter in powder be 
strewn over the film after exposure, it adheres where the 
strokes of the drawing have protected the film from the 
light, but not at other places, and thus a picture in pow¬ 
dered colour is obtained. If this coloured powder and 
the surface on which it is strewn are fire-proof—as glass 
and porcelain—^the picture obtained can be burnt in, 
and pictures of various shades can be produced, accord¬ 
ing to the choice of the powdered colour. Pictures of 
this kind can be transferred from one surface to an¬ 
other. If a collodion film is poured upon the powdered 
picture and suffered to dry, and then the whole immersed 
in water, the collodion film with the picture can he 
easily separated from the surface on which it was pro¬ 
duced, and transferred to and burnt into other surfaces— 
glasses, cups, etc. Thus Joubert in London has actually 
burnt in large pictures on glass. Obernetter at Munich, 
and Leth at Vienna, Leisner at Waldenhnrg, and Stender 
at Lamspringe, Greiner at Apolda, and Lafon de Camar- 
sac at Paris have also produced encaustic pictures on 
porcelain in the same manner. 

This process is not much employed for portraits. On 
the other hand, Oidtmann at Linnieh/ has employed it 
advantageously in glass manufacture. He has copied 
tapestry pictures from lithographs directly on glass, and 
burnt them in, thereby producing cheap window orna¬ 
ments. At the Vienna exhibition, there was over the 

^ See Piiotograpiiische Mittheilimgen,” Jabrg. 1869. Berlin: 
OppenlieLm. 
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door of the Emperor of Germany's pavilion a rosette ten 
feet in diameter, produced by Dr. Oidtmann by the above 
process. The same person has also employed the process 
to produce mosaic glass pictures, similar to the medijeval 
paintings on glass. These mosaic glass pictures are 
produced by cutting out coloured pieces of glass corre¬ 
sponding to the figm'es and their colours. For example, 
for a human figure, the outline of the face was cut out of 
a flesh-coloured glass plate; the same thing took place 
for the drapery, in glass plates corresponding to the 
colours. The lights and shades and details—^for example, 
nose, mouth, and eyes—were then drawn with black 
fusible colour on the proper piece of glass assigned to it, 
and burnt in, after which all the separate pieces of the 
glass were set together with lead. Dr. Oidtmann does, 
by means of photography, what the draughtsman does in 
this mosaic glass-painting. He copies the outlines of the 
face from the large-sized original lithograph, or woodcut, 
un the proper piece of glass, and powders it with fusible 
black colour, and thus obtains a picture which can be 
burnt in, and treated in the manner described. At the 
Yienna exhibition there was a copy ofThe Crueifixion” 
by Diirer, produced in this manner, and composed of 
150 glass pieces. Dr. Oidtmann prepares the large-size<l 
original pictures by magnifying small woodcuis by pho¬ 
tography. (See p. 91.) Dr. Oidtmann has also attempted 
to produce pyro-lithographs, by proceeding on the 
principle of chromo-lithography. (See p. 242, Photo-litho- 
grapliy.) He copied the similarly coloured parts of a 
painted drawing—-covering over the others—on a film 
of gnm and chromium, powdered this with a suitable 
colour, and then copied the other colours of the original 
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successively in the same manner. He thus obtained a 
picture, in powders of various colours, which could be 
burnt in. 


Section S.~Photography and the Sand-blast Process. 

The Bature of tlie Sand-hlast Process—Its Employment in Heliography 
instead of Corrosive Acids. 

Tilghmann, at Philadelphia, made the observation, 
during his residence at the watering-place Longbranche, 
that the windows exposed to sea wind became quickly 
dim. He found that this was occasioned by fine sand, 
which the wind dinve against the -window; this gave 
him the idea of making ground glass by bloAving sand 
against it, and he succeeded perfectly. He covered a glass 
surface with an iron screen, in which figures and letters 
were cut; and kept this in a current of air and sand. In 
a short time the exposed parts of the glass were ground, 
and thus a picture of the figures produced on the glass. A 
blast of a pressure of only four inches of water and a period 
of ten minutes are required for this work. If the air 
pressure is stronger, or steam is used to convey the sand, 
at a pressure of 60 to 120 lbs. to the square inch, the 
effect is wonderful. Sand blown with such power through 
a narrow pipe bores deep holes into the hardest stones, 
and even into glass. The process has been used to bore 
stone and metal plates. Figures cut in a cast-iron screen 
placed over a stone surface, can be deeply engraved in a 
short time in the stone. The iron plate is also affected, 
hut much more slowly than the stone slab. A cast-iron 
plate of an inch thick is only reduced of an inch, 
in the same time that a cut 300 times deeper is made in 
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marble. India-rubber endures the sand stream almost as 
well as iron. Marble, protected hj a perforated screen of 
india-rubber, may be cut 200 times as deep as tlie screen 
is thick without perceptibly affecting the india-rubber. 

With the pressure of 1.00 lbs., such a sand stream 
can penetrate in one minute inches deep into granite, 
4 inches into marble, and 10 inches into soft sandstone. 

The circumstance that soft bodies can be used as 
shields has led to elegant applications of this method in 
the industrial arts. For example, if glass be coyered 
with lace pattern and a sand-blast be directed on it, 
the glass becomes ground in the meshes, and a copy of 
the lace is obtained on glass. In the same manner, 
paintings with a gum colour upon glass can be pro¬ 
duced clear on an unpolished ground by the sand-blast. 
This circumstance led immediately to the application 
of photography. If a gelatine picture is produced on 
glass by the transfer process (see above), the surface 
of the glass at aU the dark spots of the picture is 
protected by a layer of gelatine. If now a sand stream 
is allowed to opei^ate upon it, it roughens the glass only 
at the uncovered places; thus a picture is formed. If 
the gelatine picture is a negative, the shadows are dim. 
A plate ground in tins manner may be used for printing 
with printer’s ink. The metal plates of Talbot’s helio¬ 
graphic process may be etched by the sand-blast instead 
of by acids, which often eat sideways iuto the fine 
strokes, maldng them too wide. The sand, in eorm- 
quence of its direction being at right angles to the pkte, 
cannot widen the lines, and therefore the indsioifes 
he carried to a great depth, and then the plat^ may be 
used with letter-press. 
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Tilghman suggests that a gelatine positive should be 
produced upon a cake of resin; that this should be blo^Yu 
upon and deeply hollowed out. A cast in plaster from 
this will form a mould for a type-metal cast, which 
could be used for printing. 

These are interesting experiments, which ought in 
time to lead to important practical results. 


Section XI. —The Photoaietee. 

In many of the above described processes, it is very 
important to determine the exact time for exposure. 
This is not easy, because the picture appears only faintly 



or not at all, therefore the appearance of the picture 
gives no safe criterion respecting its completion. This 
circumstance has necessitated the application of a photo¬ 
meter, to determine the duration of the exposure. Such 
photometers have been constructed by Byng and Swann 
in England, and by the author. The author's photo¬ 
meter consists of a semi-transparent paper scale L 
(Fig. 94), whose transparency diminishes from 2 to 25. 

This scale is formed of layers of paper, the number of 
which is expressed by the figure printed on them; under 
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this scale is exposed a strip of chromated paper; that is, 
paper wliick lias been plunged into bicliromate of potas¬ 
sium. The strip is enclosed in a little box in such wise 
that, when the cover I) with the scale is shut down, the 
paper and the scale are in close contact; the light now 
shines through the scale and browns the paper strips 
lying under it. The paper is first affected under the 
thin transparent part of the scale, and thence to the 
opaque end, the rapidity depending on the strength of 
the light. To know how far the effect of the light has 
extended, figures are printed on the scale, which do not 
permit the light to pass; they therefore remain clear 
on a brown ground, and the place to which the effect 
of light has advanced is indicated hy the figure that 
appears there. 

To use this instrument, some experimental prints 
must be made first. Supposing it were desired to prepare 
a pigment print from a negative, the film of pigment 
is exposed under the negative at the same time as the 
photometer. After some time, lamplight is used to see 
how far the photometer paper is browned. The sigmfi- 
cant number is noted—photometer degree—and half the 
negative is covered, the other half continuing to be 
exposed until a higher degree of the photometer. Then 
the pigment picture is developed, and the degree of &e 
photometer is determined where the favourable result 
has been obtained. Rarely more than one attempt h®- 
to be made ; when this has determined the degree up lo 
which the negative must be copied, the time of 
can always be regulated with the help of the photomete*. 
Practised hands only determine the degree wilh a ffew 
negatives, and easily ascertain up to what d^free a 
negative must be printed. 
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Section XII.— The OHEmoAii Action oe Light, and the 
Pea-Sausage.*** 

In tlie campaign of 1870, the well-knoiro pea-sausage 
was one of tlie most important articles of food for the 
army, and was prepared daily by thousands. The fabri¬ 
cation of the interior-portion caused little difficulty, but 
the obtaining so many skins created much difficulty. As 
the supply fell short, a substitute was sought in vegetable 
parchment. This paper, which is produced by dipping 
blotting-paper in sulphuric acid for about a second, then 
washing and drying, is distinguished hy its skin-like 
properties of resistance. It is impenetrable to water, 
and difficult to tear. It is therefore used for the pro¬ 
duction of bank-notes. It was attempted to make 
sausage skins of this paper, by doubling a sheet cylindri- 
cally and pasting it together. No glue or gum can 
however resist the effect of the boiling water in which 
the sausage has to he cooked, and so the artificial sausage 
skin fell asunder. Dr. Jacobson solved the problem by 
producing an adhesive substance, with the help of the 
chemical action of light, which could resist boiling water. 
He mixed the glue intended for the sausage skin with 
bichromate of potash, and exposed the glued parts to the 
light. This made the glue insoluble, and now the artifi¬ 
cial skin endured boiling water thoroughly well. The 
number of sausage skins prepared in this way, by the 
chemical action of light, amounted to many hundred 
thousands. 


* ErbawTst. 
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CHAPTER XYI. 

PHOTOGRAPHT WITH IEOH, HEAHItM, AND COPPER 
COMPOUNDS. 

Historical—Combinations of Iron—Action of Liglit on a Sointion of 
Ferric Chloride—Ferric Chloride and Paper—^Blae Iron Pictures— 
Iron-gold Pictures—^Prooess with Salts of Iron—Iodine Pictures— 
Combinations of Uranium—^Uranium Pictures—Their Development 
—Copper Pictures of Obemetter. 

We remarked fartker back that tlie Dumber of lubstances 
sensitive to light is much greater than appears at jSrst 
sight; and in fact, on close investigation, it would pro¬ 
bably be found that all substances are more or le^ 
sensitive. Even in the first peiiod of photography, in 
the year 1840, Herschel observed the sensitiveness of 
salts of iron, Burnett that of salts of uranium, and 
Kratochvila prepared successful daguerreotype on copper 
plates, in a maimer analogous to that for silver plates. 
The latter process has been energetically cultivated, but 
hitherto without any important reult. 

It has long been known that a solution of ferric 
chloride, a yellow substance composed of ehloiine and iron 
in ether, is bleached by light, the ferric becoming ferrut® 
chloride, a colourless salt which contains ciklorine. 
The same change is produced in contact wifli paper; 
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thus, if clean paper be soaked in a solution of one part of 
ferric cliloride in six of water, dried in the dark, and 
exposed under a negative, the yellow paper becomes 
white beneath the transparent parts of the negative, 
because the ferric chloride there becomes ferrous chloride. 
The faint picture thus produced may be easily coloured 
intensely dark by immersion in a solution of red prussiate 
of potash. This salt combines with the ferrous chloride 
to produce Prussian blue, hut leaves the ferric cHoride 
unchanged. In this manner a blue picture is obtained. 
If such a picture be plunged in a solution of gold, it be¬ 
comes of a light blue colour, because the ferrous chloride 
produces a precipitate of metallic gold. And, similarly, all 
substances which form dark precipitates with ferrous 
chloride will serve to develop such pictures. 

Another process consists in transforming the iron 
pictures into iodine pictures. A positive (for example, a 
drawing) is printed on a piece of paper sensitized with 
feme chloride; the print comes out in yellow lines of un¬ 
changed ferric chloride, on a white ground. If this is now 
immersed in a solution of iodide of potassium and starch, 
the ferric chloride decomposes, the iodide, and sets free 
iodine, which combines with the starch, forming the 
black-blue iodide of starch, and thus colours the lines of 
the picture. 

There are several other methods of making the colour 
of the iron pictures darker. The pictures in Prussian blue 
gradually fade, for this dye is bleached by light (blue 
parasols rapidly lose their colour in the light). The 
same remark applies to pictures of iodide of starch ,* the 
gold pictures are too pale, and their preparation too 
costly. 
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The salts of uranium present the same phenomena as 
the salts of iron. Uranium itself is a rare metal, the salts 
of which are much used as colouring materials: thus, 
there is a yellow oxide which, when burnt into porcelain, 
colours it dark green, and fuzed with glass, imparts to it 
a beautiful grass green (uranium glass). 

Two chlorides of uranium—uranous and uranic 
chlorides—corresponding in their composition and pin- 
perties to the'ferrous and ferric chlorides, are also known. 
The best known salt of uranium is, however, the nitrate, 
wMch is reduced by light to uranous nitrate in the 
presence of organic matter (for example, paper). If a 
piece of paper be immersed in a solution of one part of 
the salt in five of water, dried in the dark, and exposed 
under a negative, a very faint, picture is produced, which 
consists of uranous oxide. If the print is. now immersed 
in a silver or gold solution, the picture- becomes at once 
visible, since uranous oxide precipitates, gold and sUver as 
such from their solution (silver as a brown, gold a violet 
powder). 

Uranium is^ however, too scarce and too dear to be 
employed generally in photogi^aphy. 

As can be perceived, the salts of iron and uranium 
are analogous to the salts of chromium, by only being 
sensitive to light in the presence of organic bodies. In a 
pure state, salts of’ uranium and iron do not change in 
the light. 

The sensitiveness to light of salts of copper haa 
hithei’to only been studied very imperfeetij. Copper 
forms with chlorine a green salt, soluble in water— 
cupric chloride,—which is reduced to cuprow 
in the light. Obernetter took advantage of by 
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mixiiig elloriie of coppei md ddoA of k togefcet, 
ffid saWing paper ml lea Tliis m expoied to 
Mt Older a legafe, len ploiged in solpliiwyaiide of 
Tifitmiiiti , and nltiiately Ireated lii ted pnissiate of 
potai Tie resolt produced toy lie someAt compli¬ 
cated process fas a tom picture,* 

* See Togel, “ Lekteli der PiotograpMe,” p. 32. Berlin: Oppei- 
ieini. 
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CHAPTER XVIL 

THE CHANGE OP GLASS UNDEU THE INPLHENOE OP LIGHT. 

Faraday’s Obseryation on Manganese-glass—Obange of Mirror-glass in 
the Light—Almost all Kinds of Glass are Sensitive to Light— 
Gaffield’s Experiments—Disadyantages of the Change of Glass in 
the Light—Explanation of the Change of Manganese-glass—Aetion 
of Light on Topaz. 

The celebrated physicist Earaday made the obseryation 
that flesh-coloured glass, which is stained with manganese, 
became rapidly brown in. the light. This fact remained 
for a long time isolated, until, years later, other observa¬ 
tions of the same kind were made, 

A very handsome plate of glass was exhibited in a 
mirror shop at Berlin. It bore the inscription "'Spiegel- 
manufactur in brass letters. After being exhibited for 
years, the business was broken up, and the mirror, on 
accoimt of its beauty, was taken away by its owner, tho 
brass letters were removed, and the plate cleaned. To 
the surprise of the proprietor, the letters remained plainly 
visible on the glass, notwithstanding all attempts to 
move them. The surface was even ground away, but this 
did not produce any effect on the letters. It was found 

that the glass had become yellow throughout, 

it remained white only at the places where the 
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letters had kept off the light. The plate of glass 
cut into halves. One half, with the word Spiegel/' re¬ 
mains in the Physical Museum of the University of Berlin. 

Some very interesting observations on the action of 
light on glass have been recently made by Gaffield, who 
finds that almost all sorts of glass are affected by light, 
and that in many cases an exposure of only a few days 
suffices to produce a ohange. U-affieid went systematic¬ 
ally to work in his experiments. He cut the glass to be 
examined into two parts, placed one in the dark and the 
other in the light, and compared the two after. a few 
days. In almost aU cases he remanked that the colour 
of the glass became deeper on exposure to light. Two 
kinds only of German and Belgian green window glass 
were unaffected. The exposed glasses recovered their 
original colour on being heated to redness. 

This alteration of glass by light has a most injurious 
effect in photography. The yellow tinge, which the 
glass gradually assumes, absorbs a part of the chemically 
active light. This absorption makes itself strikingly 
evident, because the time of exposure for photographs 
must he continually lengthened. 

The greatest change is produced in glass containing 
manganese. Peroxide of manganese, or black manganese, 
is frequently added to glass to bleach it. The oxygen of 
the peroxide converts the dark-green ferrous oxide con¬ 
tained in the glass into the lighter ferric oxide. In the 
light the converse reaction takes place. The ferric 
oxide is reduced to ferrous oxide, the oxygen combines 
again with the manganese to form black manganese, and 
thus the colour of the glass becomes deeper. 

In many minerals the opposite effect to that in glass 
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is pmU on exposme to Egit; leii cok Iwmes 
ralet instead of deeper, Tins is He case mi fte 
ietiai topan, fliicli .soon loses its jolien-yellow 
(dour in He ligtt i splendid aystal of topa^ six 
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CHAPTER XTIII. 

PHOTOGEAPHY IN NATHEAL COLOXJES. 

Observation of Seebeek and Herscbel-~-PeqnereVs Coloured Pictures on 
Silver Plates—Eesearches of Niepce—Effect of Black Colours— 
Cblonred Pictures on Paper of Poitevin and Zencker^Want of a 
Fixing Medium for Cblonred Photographs.. 

Photogeaphy ias already acliieyed grand results: Tbnt 
it has still one problem to soIvg —the production of 
photographs in natural colours. There are plenty of 
coloured photographs to he seen, but in such cases the 
colour has been added with tlie paint brush; it is a 
kind of retQuclie, which in most cases does not improve 
the picture; By photography in natural colour’s, however, 
we mean the production of pictures in the colours of the 
original object by light alone. Numerous experiments 
in this direction have been recorded. Some attempts to 
prepare coloured pictures by the cliemicaL action of light 
have indeed been successful,.but such pictures are rapidly 
destroyed by the same agent to which they owe their 
formation. Ho means of fixing coloured photographs has 
been discovered. 

The first attempts to make coloured photograj)hs date 
a long way back. Professor Seebeek of Jena, as early as 
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1810; found that chloride of silver, when exposed to the 
solar spectrum, became coloured in a corresponding 
manner. This observation, published in Goethe’s "'Far- 
benlehre,” ii. p. 716, passed unnoticed, until, in the year 
ISil, after the discovery of the daguerreotype, ex¬ 
periments in the same direction were made by the 
celebrated Sir John Herschel. He took paper saturated 
with chloride and nitrate of silver, let a powerful solar 
spectrum fall upon it, and obtained immediately, like 
Seebeck, a coloured image of the spectrum, agreeing, 
however, only imperfectly with the original. Bequerel 
was more successful. He ascertained that the solution of 
nitrate of silver in Hersehers experiments had a disturbing 
effect, and he worked with chloride of silver alone. He em¬ 
ployed silver plates, which he plunged in chlorine water. 
A white jSlm of chloride of silver was thus formed on the 
plates, and, on exposure to the solar spectrum, an image 
was obtained,, the colours of which agreed very closely 
with those of the spectrum. Bequerel observed that the 
duration of the action of the chlorine water was veiy 
important, and he preferred at a later date to cMorinate 
the plates by tiie galvanic current. For this purpose he 
suspended them in hydrochloric acid from the copper 
pole of a galvanic battery (see p. 221). The current decom¬ 
posed this acid into chlorine and hydrogen. The chlorine 
passes to the silver plate, and forms chloride of rilver* 
This method enables the operator to produce a film of 
chloride of silver of any thickness, according to tie 
duration of the current. The brownish subchlti^ of 
silver is thus produced, and this is chiefly ^ 

coloured light. This sensitiveness is, however, i* 

suffices to fix a powerful spectrum, but it 
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long exposure to obtain pictures in the camera obscura; 
and all such pictures, unfortunately, darken in the 
light. Bequerel found that the sensitiveness was in¬ 
creased by heating the plates. This observation was 
turned to account by his successor, Niepce de St. Victor 
(the nephew of Nicophore Niepce, see p. 9), who made 
numerous attempts from 1851 to 1867 to produce coloured 
photogi'aphs, accounts of which he communicated to the 
Paris Academy. 

He worked, like Bequerel, with silver plates, which 
he chlorinated by immersion in a solution of the chlorides 
of iron and copper, and then heated them strongly. He 
thus obtained plates which appeared ten times more 
sensitive than Bequerefs, and allowed him to copy in 
the camera obscura, engravings, flowers, church windows, 
etc. He relates that he not only obtained the colours of 
objects in his pictures, but that gold and silver retained 
their metallic splendour, and the picture of a peacock’s 
feather the lustre of nature. 

Niepce de St. Victor introduced a further improve¬ 
ment, by covering the plate of chloride of silver with a 
peculiar varnish, consisting of dextrine and a solution 
of chloride of lead. This coating made the plate still 
more sensitive and durable. At the Paris exhibition of 
1867; Niepce exhibited various coloured photographs, 
which lasted about a week in a subdued daylight (they 
were shown in half-closed boxes). 

A m ong these pictures were a couple of black pictures 
on a white ground, which had been copied from copper¬ 
plate engravings. These excited great interest, and 
justly so, because in these pictures the darkest parts of 
the object had apparently produced a stronger effect 
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upon the plate than the lighter or perfectly white parts. 
This is, of course, the exact opposite of what takes place 
with ordinary photographic paper, where the darker parts 
come out light, and vice versl This production of black 
by black can only be explained by assuming that the 
black is actually not black, but that it reflects ultra¬ 
violet light invisible to the eye. '(See p. 58.) 

Since Niepce, who died in 1870, the only persons 
who have paid attention to coloured photographs are 
Poitevin at Paris, Dr. Zencker ^ at Berlin, and Simpson 
in London. The two former investigators have reverted 
to the older process, as employed by Seebeck and Herschel, 
ie,, they prepared pictures on paper, only the preparation 
of this paper was peculiar. Paper saturated with salt 
was made sensitive in a solution uf silver, like the photo¬ 
graphic positive paper (see p. 50), then washed to remove 
the solution of silver, and afterwards exposed to the 
light in a solution of subchloride of tin. By this means 
violet subchloride of silver 'is formed from the white 
chloride of silver. The subchloride of tin only operate 
as a reducing medium. This paper is in itself little 
sensitive to coloured light ; but if it be treated a 
solution of chromate uf potash and sulphate of copper, 
its sensitiveness increases considerably, so that it is ea^y 
to copy with it transparent coloured pictures. Never¬ 
theless, the colours are never so vivid as in the original, 
the red tones showing themselves the strongest After 
printing, the pictures are washed with wateiy to make 
them less sensitive to light. In this condition ifetj 
showed tolerably well in a subdued light, but w ewW- 

* Those who take a special interest ia the ^ 

Br. Zencker’s “LehiLach der Photochromie/’ 
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have been found hitherto to make them perfectly 
durable. Hypo-sulphite of sodium (see p. 27) cannot be 
employed, as it destroys the colours directly. We must 
hope that future investigators mil succeed in supplying 
this deficiency. The first attempts in uncoloured photo¬ 
graphs also failed for ■want of a fixing medium (see p. 6), 
which was only discovered seventeen years later by 
Eerschel 
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CHAPTER XIX. 

PHOTOGRAPHY AS A SUBJECT TO BE TAUGHT IN AST 
AND INDUSTRIAL SCHOOLS. 

Importance of School Photography—'Its Use for Technical Jnatitutions 
—^Photography as an Object to be taught in Art Schools and 
Universities. 

The previous chapters prove how mauifold are the 
applications of photography. It has entered into art, 
science, industry, and Me as a new hind of written 
language. Photography is to form what printing is to 
thought. Printing multiplies what is written, photo¬ 
graphy what is drawn; nay, more, it draws automatic- 
ally by chemical means. No doubt a certam technical 
experience in the art is required, which can only 
he gained by practice; hut it is easy to leam, and the 
time cannot be distant when it will be taught as an ex¬ 
tension of drawing in all industrial schools. Tears are 
devoted to the study of the art of drawing, of piano play¬ 
ing, and other things; a course of instruction lasting 
half a year would suffice to teach photography. 

The author has been for nin^ years pi?(^^ ^ 
photography in the Royal Industi^ , ^ 

* Gtewerbeakademtie. 
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Berlin, the only technical institution in Germany where 
photography has as yet obtained a place in the course of 
study. It is by no means the object of this institution 
to train professional photographers; it only admits 
photography so far as it is of importance for art and 
science. 

Practical instruction is given in this institution in the 
positive, negative, and other processes of photography, 
namely, with special reference to their use for the repro¬ 
duction of drawings and for taking pictures of machines 
and buildings. Other institutions are still hesitating 
about admitting photography. The importance of the 
matter is stiH depreciated; what: is new is viewed by 
many as inconvenient. We cannot avoid introducing, in 
connection with this, a passage from a work recently 
published, Photography as a Subject to be taught in 
Industrial Schools,” by Professor Krippendorf of Arau. 
The author says:— 

“Industrial schools are founded, for the special pur¬ 
pose of preparing pupils for a hfe in one- of the branches 
of ait or industry, and special attention is therefore paid 
to such arts and sciences as are likely to be most useful, 
and first of all to drawing and natural philosophy. 

“ Industrial training must not only take into considera¬ 
tion that these subjects form a complete system, taking 
the place of the classical languages as a basis of general 
culture, hut it must also draw into its system the new 
inventions and discoveries of science, in order to win new 
standpoints to react with more advantage on practical 
pursuits. 

“Now, amongst such subjects which have advanced 
the most rapidly in the last ten or twenty years, stands 
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pliotography. This art is a genuine product of science, 
and not merely the result of a lucky change. It has the 
great merit of haying been first conceived as an ideal, 
and then practically carried out. It is therefore an art 
full of value in itself, based on science, and one whose 
productions delight and are gladly viewed by all, extend¬ 
ing the knowledge of pupils, and giving an idealizing 
tendency to young minds. 

'' There is scarcely any other subject in which it is 
a downright necessity to keep in view an independent 
observation of the result* Physics and chemistiy 
are taught as results of successful experiments, and 
give no clue for the detection of the soui'ce of errors. 
The pupil only observes what the teacher puts before 
him, and both are- satisfied if the law is found in. the 
experiments. The methods of observation cannot be 
thus properly learnt, and yet this is specially fitted to 
sharpen the judgment. But if photography is admitted 
in the school course, we gain a sulyeet which fixes 
the attention of the pupil in a way that no other 
can do. The study of photography depends principally 
on learning to avoid the sources of error, and their 
origin—a further argument for its introduction in suA 

schools. -i 

If we turn to the outside of the art we meet wim 

many other grounds in its favour. 

"Art and science are learnt in techmeal schools 
practical ends. A knowledge of drawing is speoiw^ 
demanded on entering the en^eermg prof^^ 
may even he affirmed, of two equally ' 

diligent pupils, the best draughtsman wffl ^ 

first place. Drawing is the centre of gravity, 
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technical professions, and for this reason alone technical 
and freehand drawing ought in no case to be neglected. 
But photography is destined to support these technical 
studies, as it is also a mode of drawing. Indeed, if it be 
proposed to draw a complicated machine—as a weaver’s 
wheels—in a few minutes, photography is the only means 
of doing this. The labour, otheiwdse requiring weeks, is 
reduced to an affair of a quarter of an hour, and is so 
perfectly done that ah proportions are duly observed, 
and the projection must be correct from whatever point 
it is taken, if proper lenses he used. 

''If we follow the biography of gifted pupils, we often 
trace them, aided by Government stipends, going first on 
distant journeys to study modern and ancient buildings, 
and bringing home as faithful designs of them as possible. 
What a severe labour this implies for the architect, 
amidst a foreign population, in a trying climate, who has 
to make faithful sketches in a short time amidst countless 
obstacles! On the other hand, how it is aH abridged by 
photography! What would not the young travelling 
engineer give to take plans of entire manufactories which 
he has only a few minutes to view ? What would not 
the highly cultivated philologist give to retain for him¬ 
self and others, in a durable form, the overpowering im¬ 
pressions of life in the past, which he can only feel as a 
transient emotion, on the classical ground of Greece and 
Italy ? It is our duty to announce publicly, that all these 
wishes have become a possible and a tangible reality 
through the progress of photography, and that the 
practice necessary to effect this is easily attained.” 

Krippendorf omits here an important point, which is, 
the great value of photography to those who are devoted 
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to practical typography, whether it he lithography hook 
printing, copper-plate printing, printing of paper money, 
porcelain mannfactnre, or dyeing; for in all these branches 
the aid of photography is very important. We refer to the 
chapters on pyro-photography, heliography, and chromo- 
photography. In these branches we see photography as 
an auxiliary to the nanltipl 3 ring arts. 

Though it has done great things in this connection, 
we see very few heliographers and photo-lithographers. 
The reason’ of this is found simply in the fact that art 
schools, training lithographers and copper-plate en¬ 
gravers, entirely overlook photography. It is set aside 
as no art at all by persons who feel themselm artists, 
yet to whom it would be useful. But in the heliie- 
mentioned alliance of photography with lithography and 
metal-plate printing, good results can only he achieved 
by the operator being equally skilled in both arts. The 
author has often witnessed the failure of heliographem^ 
lithographers, and photographers who tried to work by 
combining the two arts. It is therefore necessary flial 
the schools of art should take the matter in hand, mi if 
so, a new subject, tbe .Albert-type proc^, hitherto un¬ 
known to the lithographer (see p. 243), musl sicKm 
become domiciliated in those institutions. 

But a knowledge of photography is equally importani 
for painters. The photography of oil-paintings has umler- 
gone a great development of late years. Adveise 
of it are indeed uttered by strict art critics, ^ 
Thansing, just as idealistic tourists forme|ly rpitod 
against railways, because travel was thereby 
its poetiy. These people were right from of 

view, but they could not stop tiie introducfem <rf rail- 
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ways; and, thougli travel may have become less poetic, 
railways have the advantage of giving an opportunity 
to persons of slender means of making excursions, and 
thereby enriching their minds with a knowledge of 
foreign countries and people, and of improving their 
health. Photography affords to persons of small income 
similar advantages in the province of art. Paintings, too 
expensive to be purchased by any save the rich, became 
slowly and imperfectly known to others by the expensive 
medium of copper-plate engravings. These engravings 
were also confined to a limited circle. But now photo¬ 
graphy reproduces with the rapidity of lightning, and with 
perfect accuracy, the latest creations of art, whilst its 
cheapness makes them accessible to all. The copy is not 
so artistic as that of the engraver, but it suffices to bring 
all that is new quickly to the knowledge of all, and ia 
spite—or in consequence rather—of this, the engraving 
coming after still retains its value. 

The negatives from od-paintings, however, require re¬ 
touching, in order to equalize the false effects produced 
by colours. This retouche may be very injurious if 
carried out by unskilled hands. The most suitable hand 
is that of the painter who painted the original. Good 
painters have akeady successfully worked at reproduc¬ 
ing negatives from their own originals, and the impres- 
»sions from plates retouched by the artists themselves 
must evidently have a much higher value than those 
emanating from other hands. This presents a new field 
for the artist; hut it can only he worked with good results 
if the art pupils have become familiar in art schools with 
the technical routine of negative retouching, and with 
taking positive impressions from them. 
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In conclusion -we add a few words on the education 
of the professional photographer. 

We have already shown that if portrait and landscape 
photography are to produce really solid results, they 
require a knowledge of the principles of art. Bu| 
hitherto nothing has been done to train photographers 
artistically Moreover, photography can only be raised, 
in an artistic point of view, when art schools render a 
study of art possible tp the photographer. The time 
must be at hand when all small jealousy directed against 
photography must fall to the ground. Experience has 
already found that it is not a rival but a handmaid to 
the well-trained artist. 

Photography can be the more readily introducml in 
schools, as its tuition requires much less time than 
drawing, the results of which are often out of all propor¬ 
tion to the time spent in learning. Four hours a week for 
six months suffice to train a pupil in photography to 
enable him to go on by himself, even without a know¬ 
ledge of chemistry 

Schools of science, as well as of art, must also attend 
to this subject, because photography is very useful m an 
aid to natural science. 

This new art gives beautiful illustrations for science 
and art lectures by the magic lanterm The investigate'^ 
can by its means give faithful original pictures of th« 
results of his labours (see page 93). Hitherto prop^* 
apparatus was wanted; the magic kntems sold in 
Germany gave iinperfect images. Latterly, R Talbot^ m 
Berlin, has introduced American magic lantern^ whkh 
are best adapted for lectures. 

The Woodbury press ha^ been joined to tho above foe 
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the illustration of lectures; and the latest improvements 
in dry plate photography have had the result that dry 
plates, hke liohtpms paper, have become articles of 
trade, making the production of photographs much more 
easy. Thus one improvement combines with another to 
make photogi-aphy what it ought to be—a universal art 
of writing by light! 
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THE END. 
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Master at Eton. Second and re¬ 
vised edition. Crown 8vo. Cloth, 
price 61. 


BAYNES (Rev. Canon R. H.). 
At the Communion Time. 
A Manual for Holy Communion, 
With a preface by the Ri^ht Rev. 
the Lord Bishop of DIrry and 
;^phoe. Cloth, price is. 6 d, 

Can also be^ had bound in 
French morcfcco, ^rice as. 6 d. ; Per¬ 
sian morocco, price 3s.; Calf, or 
Turkey morocco, price 3s. 6 d. 
Home Songs for Quiet 
Hours. Fourth and Cheaper Edi¬ 
tion. Fcap. 3vo. Cloth, price 2s. 6 d. 

This may also be had handsomely 
hound in morocco voifh gilt edges. 


BELLINGHAM (Henry), Barris- 
tcr-at-Law» 


Social Aspects of Catholi¬ 
cism and Proteatantism in their 
Civil Bearing upon Nations. 
gfAnslatcd and adapted from the 
M-ench of M. le Baron de Haulle- 
ville. With a Preface by His Emi¬ 
nence CsMinal Maniimj|, Second 
and cheaper edition. Grown 8vo. 
Cloth, price sr. 6^. 


BENNETT (Dr. W. C.). 
Narrative Poems & Ballads. 
Fcap. 8vo. Sewed in Coloured Wrap- 
par, price IX. 

Songs for Sailors. Dedicated 
hy Special Request to H. R. H. the 
Duke of EdiiAurgh.^ With Stwd 
J^ortrait and Illustrations. Crown 
Svo. Goth, price 3X. ^d, 

>Aa Edition in Illustrated Paper 
(^vers, price IX. 

Songs of a Song Writer. 

Crown 8vo. Goth, price 6 s. 


BENT 0 - Theodore). 

Genoa. Kow the Republic 
Rose and Fell. With 18 Illustra¬ 
tions. Demy 8vo, Cloth, price i8x. 


BETHAM - EDWARDS (Miss 
M.). 

Kitty. With a Frontispiece. 

Crown 8vo. Cloth, price 6 s. 
BEVINGTON (L. S.). 

Key Notes. Small crown 

8vo. Cloth, price 5X, 

Blue Roses; or, Helen Mali- 
nofska’s Marriage. By the Author 
of “ Vera.” z vols. Fifth Edition, 
Cloth, gilt tops, I2X- 

Also a Cheaper Edition in 1 
vol. With Frontispiece. Crown 8vo. 
Cloth, price 6x. 

BLUME (Major W.). 

The Operations of the 
German Armies in France, from 
Sedan to the eud of the war of 1870- 
71. With Map. From the Journals 
of the Head-quarters Staff. Trans¬ 
lated by the late E, M. Jones, Maj. 
Both Foot, Prof, of Mil. Hist, Sand¬ 
hurst. Demy Svo. Cloth, price px. 
BOGUSLAWSKI (Capt. A. von). 
Tactical Deductions from 

the War of 1B70-71. Translated 
by Colonel Sir Lumley Graham, 
Bart., late 18th (Royal Irish) Regi¬ 
ment. Third Edition, Revised and 
Corrected. Demy Svo. Goth, price 

BONWICK (J.), F.R.G.S. 
Egyptian Belief and Mo¬ 
dern Thought. Large post Svo. 
Cloth, price lox. 6 d, 

Pyramid Facts and Fan¬ 
cies. Crown Svo. Cloth, price 54. 
The Tasmanian Lily. With 
Frontispiecq. Crown Svo. Cloth, 
price 54. 

Mike Howe,the Bushranger 
of Van Diemen’s Land. With 
Frontispioca. New and cheaper 
edition. Crown Svo. Goth, price 
34. 6 d, 

BOWEN (H. C.), M.A. 
English Grammar for Be¬ 
ginners. Fcap.8vo. Cloth, priceix. 
Studies- in English, for the 

use of Modern Schools. Small crown, 
Svo. Cloth, price If. 6<d. 

Simple^ English Poems. 

English Literature for Junior Gasses. 
In Four Parts. Parts 1 , and II., price 
6 d. each, now ready. 
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bowring (Sir John). 
Autobiographical Recollections. 
With Memoir by Lewin B. Bowring, 
Demy 8vo. Pnce 14s. 

Brave Men’s Footsteps. 

By the Editor of ** Men who have 
Basen." A Book of Example and 
Anecdote for Young People. With 
Four Illustrations by C. Doyle. 
Sixth Edition. Crown 8vo. Cloth, 
price3f.6fl?. 

BRIALMONT(CoI. A.). 

Hasty Intrenchments. 

Translated by Lieut. Charles A. 
Empson, R. A. With Nine Plates. 
Demy Svo. Cloth, price 6s. 
BRIDGETT (Rev, J. E,). 

History of the Holy Eucha- 

rist in Great Britain. 2 vols., 

- demy Svo. Cloth, price i8s. 
BRODRICK (The Hon. G. C.). 
Political Studies, Demy 
8vo. Cloth, price t4s. 

BROOKE (Rev. S. A.), M. A. 

The Late Rev. F. W. Ro¬ 
bertson, M, A., Life and Letters 
of. Edited by, 

I. Uniform with the Sermons, 
a vols. With Steel Portrait. Price 
^s. 6d. 

II. Library Edition, Svo. With 
Portrait, Price tzs. 

III. A^ Popular Edition, in i vol. 
8vo. Price 

Sermons. First Series. 
Twelfth and Cheaper Edition. 
Crown 8yo. Cloth, price ss. 
Sermons. Second Series. 
Fifth and Cheaper Edition. Crown 
8vo. Cloth, price 5s. 

Theology in the English 

Poets. ~ COWPEK, COLERIEGE, 
Wordsworth, and Burns. Fourth | 
and Cheaper Edition. Post 8vo. 
Cloth, price Sf. 

Christ in Modem Life. 

Fifteenth and Cheaper Edition. 
Crown Svo. Cloth, price 5 ^^ 

The Spirit of the Christ;ian 
Life. A New Volume of Sermona. 
Second Edition. Crown 8vp. , Cloth, 
price 75-. &d. 

The Fight of Faith. Se)"- 
tuons preached on various (jccmxo^ '. 
Fifth Edition. Grown 8vd. Cluwr 
price 7f. diil 


BROOKE (W. Q.), M. A. 

The Public Worship 
Regulation Act. With a Classified 
Statement of itt Provisions, Notes, 
and Index. Third Edition, Revised 
and Corrected. Crown Svo. Cloth, 
price V. C>d. 

Six Privy Qouncil Judg¬ 
ments—1850-1873. Annotated by. 
Third Edition. Crown 8vo. Cloth, 
price 94?. 


BROUN CJ. A.). 

Magnetic Observations at 
Trevandrum and Augustia 
Malley. Vol, I. 4to. Qoth, 

^ The Report from above, separ at e 
sewed, pnce aw. 

BROWN (Rev.J.Raldwin). 

The Higher Life. JtsReality, 
Experience, and Destiny. Fifth apd 
Cheaper Edition. Crown 8vo. Clo:|^ 
price sr. 

Doctrine of AhhibilatiQu 

in the Light of the Gospel 
of Love. Five Discourses. Third 
Edition. Crowns, Svoi. Cloth, price 
2s. 6d. 

The Christian .^foKcy of, 

Life. A Book for Men of 

Business. NcwandCheap^Edidori. 
Crown' Svo. aoth^^^ribe 
BROWN (]. CrQUpihie)^ LXf^ 
Rebois'ement in Frmc»; or. 
Records of the ReftoinK 
Alps, the Cevemies^ 
nces wth Trees, Hcrbag!^ and 
Demy Svo. doth, price m* 6* 

The Hydrology omouthew 
Africa. Demy^vo* Qoth, prt» 

ios.6(L 

BR0WNE>(W--'8^>^t _ . 

' The Insspirawr^^f ^ 

New TestarbKnt. WkhaPn^we 
by Sit Rev. W- 

Fcap. Svo. prtee 

BRYANT (W. C.) 

Poepis. 
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BXJRCKHARDT Qacob). I 

The Civilization of the Pe- | 
riod of the Renaissance in Italy. 
Authorized translation, by S. G. C. 
Mtddlemorft. a vols. Btmy 8vo. 
Cloth, price z^r. 

burton (Mrs. Richard). 

The Inner Life of Syria, 
Palestine, and the Holy Land. 
With Maps, Photographs, and 
Colcrared Plates, a vols. Second 
Edition. DemySvo. Cloth, price 245'. 

Also a Cheaper Edition in 
one volume. Large post 8vo, Cloth, 
price las. (d, 

BUp^ON (Capt. Richard F.). 

The GqM Mines of Midian 

and the Ruined Midianite 
Cities. A Fortnight’s Tour in 
North Western Arabia. With nu¬ 
merous IUus|:rations. Second Edi¬ 
tion. Demy 8vo. Cloth, price iSj. 

The Land of Midian Re¬ 
visited. With numerous illustra¬ 
tions on wood and by Chromo- 
Kthography. 2 vols. Demy 8vo. 
Qot^ price 32s. 

BOSBECQ (Ogier Ghiselin de). 
His Life and Letters. By 
Charles Thornton Forster, M.D, 
and F. H. BlackbumoDaniell, M.D. 

2 vols. With Frontispieces, Demy 
8ro. Cloth, price 245. 

BUTLER (Alfred J.). 

Amaranth and Asphodel. 

Songs from the Greek Anthology.— 

I, &ngs of the Love of Women. 

II, Songs of the Love of Nature. 

III, Songs of Death. IV. Songs of 
Hereaftei^ Small crown 8vo. Cloth, 
price 2S, 

CALDERON. 

CaI(|eron’s Dramas: The 

yPhnder-Worldng Magician—Life is 
# Dream—-Ihe Purgatory of St. 
Patrick. Translated ^ Denis 
Florence MacCarthy. Post 8vo. 
Cloth, price lor. 

CANDLER (H.). 

The Groundwork of Belief. 

Crown 8vo. Cloth, price 7s* 


CARPENTER (W. B.), M.D. 

The Principles of Mental 
Physiology. With their Applica¬ 
tions to the Training and Discipline 
of the Mind, and the Study of its 
Morbid Conditions. Illustrated. 
Fifth Edition. 8vo. Cloth, price zzs, 

CARPENTER (Dr. Philip P.). 

His Life and Work. Edited 

by his brother, Russell Lant Car¬ 
penter. With portrait and vignette. 
Second Edition. Crown 8vo. Cloth, 
price js. 6ri. 

CAVALRY OFFICER. 

Notes on Cavalry Tactics, 
Organization, &c. With Dia¬ 
grams Demy 8vo. Cloth, priceraj, 

CERVANTES. 

The Ingenious Knight Don 
Quixote de la Mancha.^ A New 
Translation from the Originals of 
1605 and 1608. By A. J. Duffield. 
With Notes. 3 vols. demy 8vd. 
Cloth, price 42 j. 

CHAPMAN (Hon, Mrs. E. W.). 

A Constant Heart. A Story. 

2 vols. Cloth, gilt tops, price lajf. 

CHEYNE (Rev.T. K.). 

The Prophecies of Isaiah. 

Translated, with Critical Notes and 
Dissertations by. Two vols., demy 
8vo. Cloth, price 255. 

Children's Toys, and some 

Elementary Lessons in General 
Knowledge which they teach. Illus¬ 
trated. Crown 8vo. Qoth, price 

Clairaut’s Elements of 

Geometry. Translated by Dn 
Kaines, with 145 figures. Crown 
8vo. Cloth, price 4^. 6ri. 

CLARKE (Mary Cowden). 

Honey from the Weed. 

Crown 8vo. Cloth, price 7J. 

CLAYDEN (P. W.}. 

England under Lord Bea- 
consfield.^ The Political History of 
the Last Six Years, from the end of 
1873 to the beginning of 1880. Se¬ 
cond Edition. With Index, and 
Continuation to March, iSSo. Demy 
8VO. Cloth, price I6^. 
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CI/BRY (C.)» Lieut.-Col. 

Minor Tactics. With 26 

Maps and Plans. Fifth and Revised 
Edition. DemySvo. Cloth, price i6j- 

ClfODD (Edward), F.R.A.S. 

The Childhood of the 
World ; a Simple Account of Man 
in Early Times. Sixth Edition. 
Crown 8vo. Cloth, price sjr, 

A Special Edition for Schools. 
Price IS. 

The Childhood of Reli¬ 
gions, Including a Simple Account 
ef the Birth and Growth of Myths 
and Legends. Third Thousand. 
Crown 8vo. Cloth, price 5^. 

A Special Edition for Schools. 
Price rf. 6d, 

Jesus of Nazareth. With a 
brief Sketch of Jewish History to 
the Time of His Birth. Small 
crown 8vo. Clothj price &r. 
COGHLAN (J. Cole), D.D. 

The Modem Pharisee and 
other Sermons. Edited by the 
Very Rev. A. H. Dickinsonj D.p., 
Dean of Chapel Royal, Dublin. New 
and cheaper edition. Crown 8vo. 
Cloth, price 7s. 

COLERIDGE (Sara). 

Pretty Lessons in Verse 
for Good Children, with some 
Lessons in Latin, in Easy Rhirnie. 
A New Edition. Illustrated. J^cap. 
8vo. Cloth, price 3r. 6d, 
Phantasmion, A Fairy Tale. 
With an Introductory Preface by the 
Right Hon. Lord Coleridge, of 
Ottery St. Mary. A New Edition. 
Illustrated. Crown 8vo. Qoth, 
price 7s. 6d. 

Memoir and Letters of Sara 

Coleridge, Edited by her Daughter. 
Cheap Edition. With one Portrait. 
Cloth, pries yjT. 6d. 

COLLINS (Mortimer). 

The Secret of Long Life. 

Small crown 8v«. Cloth, price gr. 6d, 

Inn of Strang© Meetings, 
and other Poems. Crown Sro. 
Gleth, price sr* 

CONNELL (A. K.). 

Discontent and Danger in 
India. Small crown 8vo. Cloth, 
price 3jr. 6d. 


COOKE (Prof.J. P.) 

Scientific Culture, Crown 

8vo. Cloth, price ir. 

COOPER (H. T.). 

The Art of Furnishing on 
Rational and .Esthetic Prin¬ 
ciples. New aad Cheaper Edition. 
Reap. 8v0, Cloth, price m. 

COPp£e (Frangois). 

L’Exiliie. Done into English 
Verse with the sanction of the Author 
by I. 0. L. Crown 8vo, Velium, 
price 5J. 

CORFIELD (Prof.), M.D, 
Health. Crown 8vo, Cloth, 

price 6s, 

CORY (Col. Arthur). 

The Eastern Menace, 
Crown Svo. , Clothe price 71. 6d, 
CORY (William). 

A Guide to'Modem Eng¬ 
lish History. Part I. MDCCCXV, 
—MDCCCXXX. Demy Svo. CMh, 
price gj. 

COURTNEY (W. L.). 

The Metaphysics of John 
Stuart Mill, Chowu Ivo. Qotli, 
price 5X. 6 d. 

COX (Rev. Sir Q. W.), Bait, 

A History of Greece j&om 
the Earliest Period lie end of th* 
Persian War. NewEditian. a vol*. 
Demy Svo. Cloth, price 3^. 

A G en eral His toiy ofGreeco 

from the Earliest Period to the Beati 
of Alexanderthe Graat, with a afcetdh 
of the subsequent L&tory |a tw* 
present time. New Edidon. Qwwat 
8vo. Cloth, price 7 s, 6 d. 

Tales of Ancient Greece. 

New Edidon. Small,Iw 
Cloth, price &r. 

School History of Gfcece, 
With Maps. New EdMwu, Fta®- 
8vo. aorii,juic# y. 

The Great Persian 
from the Htstwes of 
New Ediriom Fcap. im* <#9^' 
price 3*. 6 tL 
A Manual of 

in the fomi 
NewEd&btu 
price jf. 
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cox (Rev. Sir G. W.), Bart.— 

cmtinued. 

An Introduction to toe 
Science of Comparative My¬ 
thology and Folk-Lore. Large 
crown 8 VO. Cloth, price gr. 

COX (Rev. Sir G. W.), Bart., 
M.A., and EUSTACE HIN- 
TON JONES. 

Popular Romances of the 
Middle Ages. Second Edition in, 
one volume. Crown 8vo. Cloth, 
price 6 j. 

COX (Rev. Samuel). 

A Commentary on the Book 
of Job. With a Translation. Demy 
8ro. Cloth, price isr. 

Salvator Mundi; or, ^ Is 

Christ the Saviour of all Men? Sixth 
Edition. Crown 8vo. Cloth, price sr. 
The Genesis of Evil, and 

other Sermons, mainly Expository. 
Second Edition. Crown 8vo. Cloth, 
price 6s, 

CRAUFURD(A. H.). 

Seeking for Light: Sermons, 
Crown 8vo. Cloth, prico Sf. 
CRAVEN (Mrs,). 

A Year’s Meditations. 
Crown 8vo. Cloth, price 6s. 
CRAWFURD (Oswald). 
Portugal, Old and New. 
With Illustrations and Maps. N ew 
and Cheaper Edition. Crown 8vo. 
Cloth, price 6s, 

CRESSWELL (Mrs. fi.). 

The King’s Banner. Drama 
in Four Acts.^ Five Illustrations. 
4to. Cloth, price xos, 6d. 
CROZIER (John Beattie). M.B. 
The Religion of the Future, 
Crown Svo. Cloth, price 6s. 
Cyclopaedia of Common 
Things. Edited by the Rev. Sir 
George W. Cox, Bart., M.A. 
With 500 Illustrations. Large post 
Clloth, prico js, 6d, 

DALTON (John Neale), M.A., 
R.N. 

Sermons to Naval Cadets. 
Preached on board H.M.S. “Bri¬ 
tannia.” Second Edition. Small 
crown Svoi Cloth, price gr. 6a. 


D’ANVERS (N. R.). 

Parted. A Tale of Clouds 
and Sunshine. With 4 Illustrations. 
Extra Fcap. 8vo. Cloth, price 3^. 6d, 

Little Minnie’s Troubles, 
An Every-day Chronicle. With Four 
Illustrations by W. H. Hughes. 
Fcap. Cloth, price 3s. 6d. 

Pixie’s Adventures; or, the 
Tale of a Terrier. With ai Illustra¬ 
tions. i6mo. Cloth, price 4f. 6d. 

Nanny’s Adventures* or, 
the Tale of a Goat. With la Illus¬ 
trations. i6m.o. Cloth, price 4^, 6d, 

DAVIDSON (Rev. Samuel), D.D., 
LL.D. 

The New Testament, trans¬ 
lated from the Latest Greek 
Text of TUchandorf. A New and 
thoroughly Revised Editteu. Post 
8va Cloth, price los. 6d. 

Canon of the Bible ; Its 

Formationj Histoiy, and Fluctua¬ 
tions. Third Edition, revised and 
enlarged. Small crown 8vo. Cloth, 
price 55. 

DAVIES (Q. Christopher). 
Rambles and Adventures 

of Our School Field Club. With 
Four Illustrations. New and Cheaper 
Edirion. Crown 8va Cloth, price 
IS. 6d. 

DAVIES (Rev. J. L.), M.A. 
Theology and Morality. 
Es«ay* on Questions of Belief and 
Practice. Crown 8vo. Cloth, price 
js. 6d. 

DAVIES (T. Hart.). 

Catullus. Translated into 
English Verse. Crown Svo. Cloth, 
price 6s. 

DAWSON (George), M,A. 

The Authentic Gospel. A 

New Volume of Sermons. Edited 
by Georg® St. Clair. Crown Svo. 
Cloth, price d?. 

Prayers, with a Discourse 

on Prayer. Edited by his Wife, 
Sixth Edition, Crown 8vo. Price dr. 
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bAWSON (George), 
iimted. 

Sermons on Disputed 
Pointa and Special Occasions, 
Edited by his Wife, Third Edition. 
Crown 8vo. Cloth, price dj. 

Sermons on Daily Life and 
Duty. Edited by his Wife. Third 
Edition. Crovra 8vo. Cloth, price 6 s, 

DE L'HOSTE (Col, E. P.), 

The Desert Pastor, Jean 
Jarousseau. Translated from the 
French of Eugene Pelletan, With a 
Frontispiece. New Edition. Fcap. 
8vo. Cloth, price 3^. 6 d. 

DE REDCLIFFE (Visconnt 
Stratford), P. C., K. G., G. C. B. 
Why am I a Christian ? 

Fifth Edition. Crown 8vo. Cloth, 
price 3J. 

DESPREZ (Philip S.), 

Daniel and John; or, the 
Apocalypse of the Old and that of 
the New Testament. Deray 8vo, 
Cloth, price I2J. 

DE TOCQUEVILLE (A.). 
Correspondence and Con¬ 
versations of, with Nassau Wil¬ 
liam Senior, from 1834 to 1859. 
Edited by M. C. M. Simpson, a 
vols. Post 8vo. Cloth, price *m. 
DE VERB (Aubrey). 

Legends of the Saxon 
Saints. Small crown Svo. Cloth, 
price fij. 

Alexander the Great. A 
Dramatic Poem. Small crown 8vo. 
Cloth, price sr* 

The Infant Bridal, and 
other Poems. A New and En¬ 
larged Edition. Fcap. 8vo. Cloth, 
price js, 6d, 

The Legends of St. Patrick, 
and other Poems. Small crown 
Svo. Cloth, price 

St. Thomas of Canterbury. 
A Dramatic Poem. Targe fcap. Svo, 
Cloth, price 

Antar and Zara: an Eastern 
Romance. Inisfail, and other 
Poems, Meditative and Lyrical. 
Fcap. S vo. Price dr. 


DE VERB {k\xhtty)-confimted. 
The Fall of Rora, the 
Search after Proserpine, and 
other Poems, Meditative and Lyrical. 
Fcap. 8vo. Price 65, 

DOBELL (Mrs. Horace). 
Ethelstone, Eveline, and 
other Poems. Crown Svo. Cloth, 
price 6 s, 

DOBSON (Austin). 

Vignettes in Rhyme and 
Vers de Soci^td. Third Edition. 
Fcap, Svo. Cloth, price 55, 
Proverbs in Porcelain. By 

, the Author of‘* Vignettes in Rhyme.’* 
Second Edition. Crown Svo. 6 s, 


Dorothy. A Country Story 
in Elegiac Verse. With Preface. 
Demy 8vo. Cloth, price 55. 

DOWDEN (Edward), LL.D. 
Shakspere : a Critical Study 
of liis Mind and Art. Fifth Edition. 
Large post Svo. Cloth, price isw. 

Studies in Literature, 1789- 

1877. Large post Svo. ClQth,priceiax. 

Poems. Second Edition. 

Fcap. Svo. Cloth, price 


DOWNTON (Rev. H.), M.A. 
Hymns and Verses. Ori¬ 
ginal and Translated. Small crown 
Svo. Cloth, price 2s, 6d, 

DREWRY (G. O.), M.D. 

The Common-Sense 
Management of the Stomach. 
Fifth Edition. Fcap. 8Vo. Cloth, 
price 2r. 6 d. 


DREWRY (Q. O h M* 
BARTLETT (H. C,), Ph.D,. 
F.C.S. * 


Gup and platter I or. Notes 
on Food and its Effects. New and 
cheaper Edition. Small 8vo. C 3 och, 
price xs. 6d. 


DRUMMOND (Miss). 

Tripps Buildinga.^ A Study 
from Life, with Frond^ece. Small 
crown 8vo. Cloth, price 3*. 6 d* 

\ 2 



10 


A List of 


DUFFIELD (A.J.). 

Don Quixote. His Critics 

and Commentators. With a Brief 
Account of the Minor W'orb of Mi¬ 
guel de Cervantes Saavedra, and a 
statement of the end and aim of the 
greatest of them all. A Handy Book 
for General Readers. Crown 8vo. 
Cloth, price sr. td. 

DU MONCEL (Count). 

The Telephone, the Micro¬ 
phone, and the Phonograph. 
With 74 Illustrations. Small crown 
8vo. Cloth, price sr. 
DUTT(Toru). ^ 

A Sheaf Gleaned m French 

Fields. New Edition, with Portrait. 
Demy Svo. Cloth, price xor. ^d. 

DU VERNOIS (Col. von Verdy). 
Studies in leading Troops. 
An authorized and accurate Trans¬ 
lation by Lieutenant H. J. T. 
Hildyard, yxst Foot. Parte I- and 
II. Demy Svo. Cloth, price is, 
EDEN (Frederick). 

The Nile without a 
Dragoman. Second Edition. 
Crown Svo. Cloth, price 75. 6 d, 
EDGEWORTH (F. Y,). 
Mathematical Psychics: an 

Essay on the Application of Mathe¬ 
matics to Social Science, Demy 
8vo- Cloth, price js. 6rf- 
EDIS (Robert W.). 

Decoration and Furniture 
of Town Houses. A series of 
Cantor Lectures delivered before the 
Society of Arts, 1880. Amplified 
and enlarged, with 29 full-page Illus¬ 
trations and numerous sketches. 
Second Edition. Square Svo. Cloth, 
price i2jr. 6 d, 

EDMONDS (Herbert). 

WeU Spent Lives: a Series 
of Modpm Bic^graphies. New and 
Cheaper Edition. Crown Svo. Price 

Educational Code of the 
Prussian Nation, in its Present 
Form. In accordance with the 
Decisions of the Common Provincial 
Law, mid with those of Recent 
L<^sIation. Crown 8vo. Doth, 
price ar. ^ 


THE EDUCATION LIBRARY 
(Edited by Philip Magnus). 

An Introduction to the 
History of Educational Theo¬ 
ries. By Oscar Browning, M.A. 
Cloth, price 3^. 6rf. 

John Amos Comenius : his 
Life and Educational Work. By 
Prof. S. S. Laurie, A.M, Cloth, 
price 3^. 6 d. 

Old Greek Education. By 
the Rev, Prof. Mahaffy, M.A. 
Cloth, price sr. 6 d> 

EDWARDS (Rev. Basil). 

Minor Chords; or, Songs 

for the Sufifering: a Volume oI 
Verse. Fcap. Svo. Cloth, price 
3f. ; paper, price ar. SdH, 

ELLIOT (Lady Charlotte). 

Medusa and other Poems. 

Crown Svo. Cloth, price 6s. 
ELLIOTT (Ebenezer), The Corn 
Law Rhymer. 

Poems. Edited by his Son, 

the Rev. Edwin Elliott, of St. John's, 
Antigua. 2 vols. Crown Svo. Cloth, 
price i8^. 

ELSDALE (Henry). 

Studies in Tennyson’s 
Idylls. Crown 8vo. Cloth, price sr. 
ELYOT(Sir Thomas). 

The Boke named the Go- 
uernour. Edited from the First Edi¬ 
tion of 1531 by Henry Herbert Ste¬ 
phen Croft, M.A., Banister-at-Law. 
With Portraits of Sir Thomas and 
Lady Elyot, copied by permission of 
her Majesty from Holbein’s Original 
Drawings at Windsor Castle. 2 vols. 
fcap. 4to, Cloth, price 50J. 

Epic of Hades (The). 

By the author of “ Songs of Two 
Worlds.” Twelfth Edition. Fcap. 
Svo. Cloth, price 7s. 6 d, 

Also an Illustrated Edition with 
seventeen full-page designs in photo¬ 
mezzotint by George R. Chapman. 
4to. Cloth, extra gilt leaves,price asjr, 
and a Large Paper Edition, with 
portrait, price lof. (id, 

EVANS (Anne). 

Poems and Music. With 
Memorial Preface by Ann Thackeray 
Ritchie, Large crown Svo, Cloth, 
price 7S. 
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EVANS (Mark). 

The Gospel of Home Life, 

Crown 8vo. Cloth, price 4^. (id. 

The Story of our Father’s 

Love, told to Children. ^ Fourth 
and Cheaper Edition. With Four 
Illnstrations. Fcap. 8vo, Cloth, 
price xs. 6d. 

A Book of Common Prayer 
and Worship for Household 
Use, compiled exclusively from the 
Holy Scriptures. New and Cheaper 
Edition. Fcap. 8vo. Cloth, price m. 
The King's Story Book. 
In three parts, Fcap. 8vo. Cloth, 
price If, 6d. each. 

Parts I. and IT., with eight illus¬ 
trations and two Picture Maps, now 
ready. 

EX-CIVILIAN. 

Life in the Mofussil; or, 
Civilian Life in Lower Bengal, 2 
yols. Large post 8vo. Price i4f. 
FARQUHARSON (M.). 

I. Elsie Dinamore. Crown 
8vo. Cloth, price 3f. 6d. 
n. Elsie’s Girlhood. Crown 

8vo. Cloth, price 3J, 6d. 

III. Elsie’s Holidays at 
Roselands. Crown Svo. 
Cloth, price 3f. 6d. 

FELKIN. (H. M,). 

Technical Education in a 
Saxon Town. Published for the 
City and Guilds of London Institute 
for the Advancement of Technical 
Education. Demy Svo. Cloth, price 
ay. 

FIELD (Horace), B.A- Lond. 
The Ultimate Triumph of 
Christianity. Small crown Svo. 
Cloth, price 3f. 6d. 

FINN (thelate James), M.R.A.S. 

Stirring Times; or. Records 

from Jerusalem Consular Chronicles 
of 1853 to 1856. Edited and Gota- 
iled by his Widow. With a Preface 
y the Viscountess StranCford. 

2 vols. Demy Svo. Price 305. 
FLOREDICE (V/' H.). 

A Month among the Mere 
Irish. Small crown Svo. Cloth, 
price 5f, 


Folkestone Ritual Case 
(The), The Argument, Proceedings 
Judgment, and Report, revised by 
the several Counsel engaged. Deniy 
Svo. Cloth, price 23J. 

FORM BY (Rev. Henry). 
Ancient Rome and its Con¬ 
nection with the Christian Re¬ 
ligion ; an Outlineof the Hi-storj^ of 
the City from its First Foundation 
down to the Erection of the Chair 
«f St. Peter, a.d. 42-47. With 
numerous Illustrations of Ancient 
Monuments, Sculpture, and Coinagre, 
and of the Antiquities of the Chris¬ 
tian Catacombs. Royal 4to. Cloth 
extra, price 5of. Roxburgh, half¬ 
morocco, price gas, daf. 

FOWLE (Rev. T. W.), M.A. 

The Reconciliation of Re¬ 
ligion and Science. BeingEss^ 
on Immortalitjr, Inspiration, Mira¬ 
cles, and the Being of Christ Bemy 
Svo. Cloth, price loj. 6d. 

The Divine Legation of 
Christ, Crown Svo. Cloth, priceyy. 
FRASER (Donald). 

Exchange Tables of Ster¬ 
ling and Indian Rupee Cur. 
rency, upon a new andextpnded sy^ 
tern, embracing 'Vaufues from Cme 
Farthing to One Hundred Thousand 
Pounds, and at Rates progressb& in 
Sixteenths of a Penny, from if. gd. to 
fif. 3d. per Rupee. Royal Svo.' 
Cloth, price lOf. 6/. 

FRISWELL (J. Hain). 

The Better Self. Essays foY 
Home Life. Crown Svo. CJdth, 
price df. 

One of Two j or, A 
Handed Bride. With a Fronds' 
piece. Crown Svo. Glotlv pric* 

GARDINER (Skrijiiel It.)andJ. 
BASS MULL 1 N 0 ER, M.'A. 
Introduction to th«l 

of English Hi^ry. I*Tg)Bcrcrw» 
8v6. Cloth, price pf. 

GARDNER Q*)* M.D,, 

Longevity t The Me^is of 

Prolonging Life iaftef Middle 
Age, Fourth Edipqn^ Revised and 
Enlarged, ^all crown 8vo. Cloth, 
price 4f, 
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GARRETT fE.). 

By Still Waters. A Story 
for Quiet Hours. With Seven Illus¬ 
trations. Crown Svo. Cloth, price 6s. 

GEBLER (Karl Von). 

Galileo Galilei and the 

Roman Curia, from Authentic 
Sources. Translated with the sanc¬ 
tion of the Author, by Mrs. Georgs 
Sturoe. Demy Svo. Cloth, price i2j. 

GEDDBS (James). 

History of the Administra¬ 
tion of John de Witt, Grand Pen¬ 
sionary of Holland. Vol. I. 1623^— 
1654. Demy Svo., with Portrait. 
Cloth, price 15^. 

GENNA (E.). 

Irresponsible Philanthro¬ 
pists. Being some Chapteis on the 
Eniploj ment of Gentlewomen. Small 
cruwu Svo. Cloth, price zr. 6d. 

GEORGE (Henry). 

Progress and Poverty. An 
Inquiry into the Cause of Industrial 
Depressions and of Increase of Want 
with Increase of Wealth, ^ The Re¬ 
medy, Post Svo. Cloth, price 7i', 6d, 

GILBERT (Mrs.). 
Autobiography and other 
Memorials. Edited by Josiah 
Gilbert. Third Edition. With Por¬ 
trait and several Wood Engravings. 
Crown Svo. Qoth, price js. 6d. 

GLOVER (F.), M.A. 

Exempla Latina. A Fir.st 

Construing Book with Short Notes, 
Lexicon, and an Introduction to the 
Analysis of Sentences. Fcap. Svo. 
Qoth, price as. 

GODWIN (William). 

William Godwin: His 
Friends and Contemporaries. 
With Portraits and Facsimiles of the 
handwriting of Godwin and his Wife. 
By C. Kegan Paul, 2 vols. Demy 
Svo. Clom, price 28j. 

The Genius of Christianity 
U nveiled. Being Essays never 
before published. Edited, with a 
Preface, by C. Kcgan Paul. Crown 
Svo. Cloth, price yr. 6d. 


GOETZE (Capt A. von). 
Operations of the German 
Engineers during the War of 
1870-1871. Publi-shed by Authority, 
and in accordance with Official Docu¬ 
ments. Translated from the German 
by Colonel G. Graham, V.C., C.B., 
R.E. With 6 large Maps. Demy 
Svo. Cloth, price ais. 

GOLDSMID(Sir Francis Henry). 

Memoir of. With Portrait. 

Crown Svo. Cloth, price ss. 

GOODENOUGH (Commodore J. 
G.), R.N., C.B., C.M.G. 

M emoir of, with Extracts from 

his Letters and Journals. Edited by 
Ms Widow. With Steel Engraved 
Portrait. Square Svo. Cloth, sr. 

Also a Library Edition with 
Maps, Woodcuts, and Steel En¬ 
graved Portrait. Square post 8yo. 
Cloth, price 14s. 

GOSSE (Edmund W.). 

Studies in the Literature of 
Northern Europe. WithaFrontis¬ 
piece designed and etched by Alma 
Tadema. Large post Svo. Cloth, 
price zzs. 

New Poems. Crown Svo. 

Cloth, price 7s. 6d. 

GOULD (Rev. S. Baring), M.A. 
Germany, Present and Past. 
New and Cheaper Edition. Large 
crown Svo. Cloth, price 7s. 6d. 

The Vicar of Morwenstow; 

a Memoir of the Rev. R. S. Hawker. 
With Portrait. Third Edition, re¬ 
vised. Square post Svo. Cloth, loj. 6<f. 

GRAHAM (William), M.A. 

The Creed of Science : Re¬ 
ligious, Moral, and Social. Demy 
Svo. Cloth, price izj, 

GRIFFITH (Thomas), A.M. 

The Gospel of the Divine 
Life, A Study of the Fourth Evan¬ 
gelist. Demy Svo. Cloth, price 145-. 

QRIMLEY (Rev. H. N.), M.A. 
Tremadoc Sermons, chiefly 
on the Spiritual Body, the Unseen 
World, and the Divine Humanity. 
Second Edition. Crown Svo. Cloth, 
price 6s. 
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grcjnercm. U)* 

studies of Blast Furnace 

Phenomena. Translated by L. D. 
B. Gordon, F.R.S.E., F.G.S. Demy 
8vo. Cloth, price ^5. 6rf. 
gurney (Rev. Archer). 

Words of Faith and Cheer. 
A Mission of Instruction and Sugges¬ 
tion. Crown 8vg. Cloth, price 6^. 
Gwen: A Drama in Mono¬ 
logue. By tire Author of the “ Epic 
of Hades.” Third Edition. Fcap. 
8vo. Cloth, price 5s. 

HAECKEL. (Prof. Ernst). 

The History of Creation. 
Translation revised by Professor E. 
Ray Lankester, M.A., F.R.S. With 
Coloured Plates and Genealogical 
Trees ©f the various groups ®f both 
plants and animals. 2 vols. Second 
Edition. Post 8vo. Cloth, price 33J. 

The History of the Evolu¬ 
tion of Man. With numerous Il¬ 
lustrations. 2 vols. Large post 8vo, 
Cloth, price sas. 

Freedom in Science and 
Teaching. From the German of 
Ernst Haeckel, with a Prefato^ 
Note by T. H. Huxley, F.R.S. 
Crown 8vo. Cloth, price 5J. 


HALF-CROWN SERIES. 
Sister Dora: a Fiograpny- 
By Margaret Lonsdale. 

True Words for Brave Men. 
A Book for Soldiers and Sailors. By 
the late Charles Kingsley. 

An Inland Voyage. By R. 
L. Stevenson. 

Travels with a Donkey. By 
R. L. Stevenson. 

A Nook in the Apennines. 

By Leader Scett. _ , 

Notes of Travel. Being 

Extracts from the Journals of Count 
Von Moltke. , _ 

Letters from Russia. By 
Count Von Moltke. ^ 

English Sonnets. Collected 
and Arranged hy J. Pennis. 
Lyrics of Love from Shake¬ 
speare to Tennyson. Selected 
and Arranged by W. D. Adams. 

London Lyrics. By Frede¬ 
rick Locker. 


HALF-CROWN SERlES-c<?«- 
ihmtd. 

Home Songs for Quiet 
Hours, By the Rev, Canon R. H. 
Baynes. 

Halleck's International 
Law; or, Rules Regulating the 
Intercourse of States in Peace and 
War. A New Edition, revised, with 
Notes and Cases. By Sir Sherston 
Baker, Bart. 2 vols. Demy 8vo, 
Cloth, price 381. 

HARDY (Thomas). 

A Pair of Blue Eyes. New 

Edition. With Frontispiece. Crown 
8 VO. Cloth, price fir. 

The Return of the Native. 
New Edition. With Frontispiece, 
Crown Syo, Cloth, price (5r, 


HARRIS ON (Lieut.-Col. R.). 
The Of&cer’s Memoran¬ 
dum Book for Peace and War. 
Third Edition. _ Oblong 32010. roan, 
with pencil, price 3j. 
HARTINGTON (The Right Hon. 
the M arquis of), M. P. 

Election Speeches in 
and 1880. With Address t® the 
Electors of North-East Lancashire. 
Crown Svo. Cloth, price 3r. 
HAWEIS (Rev. H. R.), M.A. 

Arrows in the Air, Crown 

gvo. Fourth and Chcftper Edition. 
Cloth, price 5 j. 

Current Coin. Materialism— 

The Devd-~Crinie—Drunkenness— 
Pauperism--Emotion---Recreation— 

The Sabbath. Fourth and Cheaper 
Edition. Orown Svo. Cloth, pne® 


Speech in Season. Fifth 
and Cheaper Edition, (huwn fivo. 
Cloth, price SJ- , - 

Thoughts for the Times. 

Twelfth and Cheaper Edition. Crown 
gvo. Cloth, price 5 n 
Unsectarian Family 

Prayers. New and Cheaper Edidmi. 
Fcap. 8 vo. aoth, pnee^ xs. fid. 
HAWKER (Robert Stephen). 
The Poetical Works of. 

Now first collected ^d arrsmged 
with a prefatory no^ by 
Godwin, With Portrait. Crown Svo. 
C^oth, price ists. 
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HAWKINS (Edwards Comer- 
ford). 

Spirit and Form. Sermons 
preached in the parish church of 
leathcrhead. Crown 8yo. Cloth, 
pnce 6i. 

HAYES (A. H.). ^ ^ 

New Colorado and the 

Santa Fe Trail. With map and 
do Illustrations. Crown 8vo. Cloth, 
price pr. 

HEIBENHAIN (Rudolf), M.D. 
Animal Magnetism. Physi¬ 
ological Observations. Translated 
from the Fourth German Edition, 
hy L. C. Wooldridge. With a Pre- 
&CC by G. R. Romanes, F. R. S. 
Crown 8vo. Cloth, price ar. 6-f. 

HELLON (H. G.). 

Daphnis. A Pastoral Poem, 

Small crown 8vo. Cloth. 

HELLWALD (Baron F. von), 
The Russians in Central 
Asia. A Critical Examination, 
down to the present time, of the 
Geography and History of Central 
Asia. Translated by Lieut.-CQl. 
Theodore Wirgman, LL.B. Large 
pMt 8vo. With. Map. Cloth, 
price laj, 

HEEVIG (Major H.). 

The Operations of the Ba¬ 
varian Army Corps. Translated 
Captain G. S. Schwabe, With 
Five large Maps. In a volfi. Demy 
8vo. Cloth, price 24^. 

Tactical Examples: Vol. I. 

The Battalion, price 15J. Vol. II. The 
Regiment and Brigade, price los. 6tf. 
Translated from the German hy Col. 
Sir Lumley Graham. With numerous 
Diagrams. Demy Svo. Cloth. 

HERFORD (Brooke). 

The Story of Religion in 

England. A Book for Young Folk. 
Crown Svo. Cloth, price 5s. 

HICKEY (E. H.). 

A Sculptor and other' 
Poems. Small crown Svo. Cloth, 
price ss. 


HINTON (James). 

Life and Letters of. Edited 
hy Ellice Hopkins, with an Introduc¬ 
tion by Sir W. W. Gull, Bart., and 
Portrait engraved on Steel by C. H. 
Jeens. Fourth. Edition. Crown Svo. 
Cloth, 8f. 6tf, 

Chapters on the Art of 
Thinking, and other Essays, 
With an Introduction by Shadworth 
Hodgson. Edited hy C. H, Hinton. 
Crown Svo. Cloth, price 8s. 6d. 

The Place of the Physician, 
To which is added Essays on the 
Law of Human Life, and on the 
Relation BETWEEN Organic and 
Inorganic Worlds. Second Edi¬ 
tion. Crown Svo. Cloth, price 3^. 6if. 
Physiology for Practical 

Use. By various Writers. With 50 
Illustrations, Third and cheaper edi¬ 
tion. Crown Svo. Cloth, price 5s. 

An Atlas of Diseases of the 
Membrana Tympatii. With De-. 
scriptiveText. Post Svo. Price 
The Questions of Aural 
Surgery. With Illustrations, avols. 
Post Svo. Cloth, price isj. 6d. 

The Mystery of Pain. 
New Edition. Fcap. Svo. Cloth 
limp, iJ. 

HOCKLEY (W. B,). 

Tales of the Zenana; or, 
A Nuwab’s Leisure Hours. By the 
Author of Pandurang Hari.” With 
a Preface by Lord Stanley of Alder- 
ley. 2 vols. Crown Svo. Cloth, 
price 21J. 

Pandurang Hari; or, Me¬ 
moirs of a Hindoo. A Tale of 
Mahratta Life sixty years ago. With 
a Preface by Sir H. Bartle E. 
Frere, G. C. S. I., &c. New and 
Cheaper Edition. Crowm Svo. Cloth, 
price 6r, 

HOFFBAUER (Capt.). 

The German Artillery in 
the Battles near Metz. Based 
on the official reports of the German 
Artillery. Translated by Capt. E. 
O. Hollist. With Map and Plans. 
Demy Svo. Cloth, price 2if. 
HOLMES (E. G. A.). 

Poems. First and Second Se¬ 
ries. Fcap. Svo, Cloth, pricc5j,each, 
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HOOPER (Mary). 

Little Dinners: How to 
Serve them with Elegance and 
Economy. Thirteenth Edition. 
Crown 8vo. Cloth, price ^s. 

Cookery for Invalids, Per¬ 
sons of Delicate Digestion, and 
Children. Crown 8vo. Cloth, price 
3J. 6d. 

Every-Day Meals. Being 

Economical and Wholesome Recipes 
for Breakfast, Luncheon, and Sup¬ 
per. Second Edition. Grown 8vo. 
Cloth, price 5s. 

HOOPER (Mrs. G.). 

The House of Raby. With 
a Frontispiece. Crown 8vo. Cloth, 
price 3f. 6d, 

HORNER (The Misses). 

Walks in Florence. A New 
and thoroughly Revised Edition, a 
vols. Crown 8vo. Cloth, limp. With 
Illustrations, 

Vol. I.—Churches, Streets, and 
Palaces, zos. 6d. vol. 11 .—Public 
Galleries and Museums, sr. 
Household Readings on 
Prophecy, By a Layman. Small 
crown 8vo. Cloth, price 3s. 6<f. 
HUGHES (Henry). 

The Redemption of the 
World. Crown 8vo, Cloth, price 
3r, 6d. 

HULL (Edmund C. P.). 

The European in India. 
With a Medical Guide for Anglo- 
Indians. By R. R. S. Slair, M.D., 
F.R.C.S.E. Third Edition, Revised 
and Corrected. Post Svo. Cloth, 
price 6s. 

HUTCHISON <Lieut.-Col. F. J.), 
and Capt.G. H, MACGREGOR. 
Military Sketching and Re¬ 
connaissance. With Fifteen Plates. 
Second edition. Small Svo. Cloth, 
price 6s, 

The first Volume of Military Hand¬ 
books for Regimental Officers. Edited 
by Lieut.-Col.C, B. Bracscenbury, 
R.A., A.A.G. 

HUTTON (Arthur), M.A. 

The Anglican Ministry. Its 

Nature and Value in relation to the 
Catholic Priesthood. With a Pre¬ 
face by his Eminence Cardinal New¬ 
man. Demy Svo. Cloth, price 141-. 


INCHBOLD Q, W.). 

Annus Amoris. Sonnets, 
Fcap. Svo. Cloth, price 4J. 6d, 
INGELOW (Jean). 

Off the Skelligs, A Novel. 
With Frontispiece. Second Edition, 
Crown Svo. Cloth, price 6 j?. 

The Little Wonder-horn. 
A Second Series of Stories Told to 
a Child.’’' With Fifteen Illustrations. 
Small Svo. Cloth, price ajv 6cf. 


International Scientific 
Series (The). Each book 
complete in one Volume. Crown 8vo. 
Cloth, price jr. each, excepting 
those marked odierwise. 

I. Forms of Water: A Fami¬ 
liar Exposition of the Origin and 
Phenomena of Glaciers. By J. 
Tyndall, LL.D.. F.R.S. With 25 
Illustrations. Eighth Edition. 

II. Physics and Politics ; or. 
Thoughts On the Application of the 
Principles of ** Natural Selection” 
and “ Inheritance” to Political So 
cie^. By Walter Bagehot, Fifth 
Edition. Crown 8vo. Qoth, price 4r. 

III. Foods. By Edward Smith, 
M.D., See. With numerous Illus¬ 
trations. Seventh Edition. 

IV. Mind and Body: The Theo¬ 
ries of thek Relation. By Alexander 
Bain, LT..D. With Four Illustra- 
tions. I'enth Edition. Crown Svo. 
Cloth, price 4^. 

V. The Study of Sociology. 
By Herbert Spencer. Tenth Edition, 

VI. On the Conservation of 
Energy. By Balfour Stewart, 
LL.D., &c. With 14 Illustrations. 
Fifth Edition, 


VII. Animsti Locomotion ; ^ or, 
Walking, Swimming, and Flying. 
By J. B. Pettigrew, M.B., &c. With 
130 Illustrations. Second Edition. 


VIII. Responsibility in Mental 
Disease. By Henry Maudsley, 
M. D. Third Edition. 


IX. The New Chemistry. By 
Professor J. P. Cooke. WithsT Illus¬ 
trations. Fifth Editkin. 


X. The Science of Law. By 
Prof. Sheldon Amos. Fourth Edition. 



i6 


A List of 


International Scientific 
Series continued, 

XI. Animal Mechanism. A 
Treatise on. Terrestrial and Aerial 
Locomotion. By Prof. E. J, Marey. 
With J17 Illustrations. Second 
Edition. 

XII. The Doctrine of Descent 
and Darwinism. By Prof. Osca 
Schmidt. _ With 26 Illustrations. 
Fourth Edition. 

XIII. The Histor^jr of the Con¬ 
flict between Religion and Sci¬ 
ence. By J. W. Draper, M.D., 
LL.£). Fifteenth Edition. 

XIV. Fungi J their ISfature, In¬ 
fluences, Uses, &c. By M. C. 
Cooke, LL.D. Edited by the Rev. 
M. J. B erkeley, F. L. S. With nume¬ 
rous Illustrations. Second Edition. 

XV. The Chemical Effects of 
Light and Photography. By Dr. 
Hermann Vogel. With 100 Illustra¬ 
tions. Third and Revised Edition. 

XVI. The Life and Growth of 
Language. By Prof. William 
Dwight Whitney. Third Edition. 

XVII. Money and the Mecha¬ 
nism of Exchange, By W. Stan¬ 
ley Jevons, F.R.S. Fourth Edition. 

XVIII. The Nature of Light; 
With a General Account of Physical 
Optics. By Dr. Eugene Lommel. 
With 188 Illustrations and a table of 
Spectra in Chromo - lithography. 
Third Edition. 

XIX, Animal ParaeiteB and 
Messmates. By M. Van Beneden. 
With 83 Illustrations. Second Edi¬ 
tion, 

XX. Fermentation. By Prof. 
Schutzenberger. With 28 Illustra¬ 
tions, Third Edition. 

XXI, The Five Senses of Man. 
By Prof, Bernstein. With gi Illus¬ 
trations. Second Edition. 

XXII. The Theory of Sound in 
its Relation to Music. By Prof. 
Pietro Blasema. With numerous 
Illustrations, Second Edition. 
XXIII. Studies in Spectrum 
Analysis. By J, Norman Lockyer. 
F.R-S. With SIX photographic Il¬ 
lustrations of Spectra, and numerous 
engraviMs on wood. Crown 8vo. 
Second Edition. 6s. 6a?. 


International Scientific 

Series (The)— continued^ 

XXIV. A History of the Growth 
of the Steam Engine. By Prof. 
R. H. Thurston. With numerous 
Illustrations. Second Edition. 6r.6if. 

XXV. Education as a Science. 
By Alexander Bain, LL.D. Third 
Edition. 

XXVI. The Human Species. 
By Prof, A, de Quatrefages. Third 
Edition. 

XXVII. Modern Chromatics. 
With Applications to Art and Indusl 
try, by Ogden N. Rood. Witlb 130 
original Illustrations. Second Edi¬ 
tion. 

xxyill. The Crayfish : anlntro- 
duction to the Study of Zoology. By 
Prof. T. H. Huxley. With cighty- 
two Illustrations. Third edition, 

XXIX. The Brain as an Organ 
of Mind. By H. Charlton Eastian, 
M.D. With numerous Illustrations. 
Second Edition. 

XXX. The Atomic Theory. By 
Prof. Ad. \VurCz. Translated by 
E. Clemiii-Shaw- Second Edition. 

XXXI. The Natural Conditions 
of Existence as they affect Ani¬ 
mal Life. By Karl Seinpex*. Second 
Edition. 

XXXII. General Physiology of 
Muscles and Nerves, By Prof. 
J. Rosenthal. With Illustrations, 
Second Edition. 

XXXIII. Sight; an Exposition 
of the Principles of Monocular 
and Binocular Vision, By Joseph 
Le Conte, LL.D. With 132 illustra¬ 
tions. 

XXXIV. Illusions: A Psycho¬ 
logical Study. By James Sully. 
XXXV. Volcanoes: What they 
are and What they Teach. By 
Prof. J. W, Judd, B\R,S. With 92 
Illustrations on Wood. 

XXXVI. Suicide. An Essay in 
Comparative Mythology. By Prof. 
E. Morselli, with Diagrams. 
XXXVII. The Brain and its 
Functions. By J. Levs. With 
numerous illustrations. 

JlgNKINS (E.) and RAYMOND 

The Architect’s Legal 
Handbook. Third Edition Re- 
I vised, Crown 8vo. Cloth, price 6f. 
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JENKINS (Rev. R. C.), M.A. 

The Privilege of Peter and 

the Claims of the Roman Church 
confronted with tlie Scriptures, the 
Councils, and the Testimony of the 
Popes themselves. Fcap.Svo. Cloth, 
price 3f. 6<f. 

JENNINGS (Mrs. Vaughan). 
Hah el: Her Life and Let¬ 
ters. With a Portrait from the 
Painti:^ by Da^nger. Square post 
8vo. Cloth, price 7^. 64 . 

JOEL(I..). 

A Consul’s Manual and 
Shipowner’s and Shipmaster's Prac¬ 
tical Guide in their Transactions 
Abroad. With Definitions of Nauti¬ 
cal, Mercantile, and Legal Terms j 
a Glossary of Mercantile Terms in 
English, French, German, Italian, 
and Spanish. Tables of the Money, 
Weights, and Measures of the Prin¬ 
cipal Commercial Nations and their 
Equivalents in. British Standaixis; 
and Forms of Consular and Notarial 
Acts, Demy 8vo. Cloth, price i2j. 

JOHNSON (Virginia W.). 

The Catskill Fairies. Illus¬ 
trated by Alfred Fredericks. Cloth, 
price sr. 

JOHNSTONE (C. F.), M.A. 
Historical Abstracts. Being 
Outlines of the History of some of 
the less-known States of Europe. 
Crown 8vo. Cloth, price 7s. 6d. 

JONES (Lucy). 

Puddings and Sweets. Being 
Three Hundred and Sixty-Five 
Receipts approved by Experience. 
Crown 8vo., price 2J. bd. 

JOYCE (P. W.), LL.D., &c. 

Old Celtic Romances. 

Translated from the Gaelic by. 
Crown Svo. Cloth, price 7s. ^d. 

KAUFMANN (Rev, M.), B.A. 
Utopias; or, Schemes of 
Social Improvement, from Sir 
Thomas More to Karl Marx. Crown 
Svo. Cloth, price 5^. 

Socialism; Its Nature, its 
Dangers, and its Remedies con¬ 
sidered. Crown Svo. Cloth,puce 


KAY (Joseph), M.A., Q.C. 

Free Trade in Land. 

Edited by his Widow. With Preface 
by the Kight Hon. John Bright, 
M. P. Sixth Edition. Grown Svo. 
Cloth, price 5s. 

KEMPIS (Thomas a). 

Of the Imitation of Christ. 
Parchment Library Edition, price 
6 j, : vellum, price 6d.^ 

A Cabinet Edition, is also pub¬ 
lished at IS. 6d. and a Miniature 
Edition at rr. These may also be 
had in various extra bindings. 
KENT (Carolo). 

Corona Catholica ad Petri 
successoris^ Pedes Oblata, De 
Summi Pontificis Leonts XIII. 
smnptione Epiggramma, In Quin- 
quaginta Linguis, Fcap. 4to. Cloth, 
price 15^, 

KER (David). 

The Boy Slave in Bokhara. 
ATaleofCentralAsia. With lUustra- 
tians. Crown Svo. Cloth, price 3^. 6d. 

The Wild Horseman of 

the Pampas. Illustrated. Oowb 
8vo. Cloth, price 3J. 

KERNER (Dr. A.), Professor of 
Botany in the Uaiverslty of 
Innsbruck. 

Flo wers andtheirUnbiddeu 

Guests. Translation edited by W. 
Ogle, M. A., M.D., and a pre&toiy 
letter by C. Darwin, F.R.S, With Il¬ 
lustrations. Sq.Svo. Cloth, price gj. 
KIDD (Joseph), M.D. 

The Laws of Therapeutics, 
or, the Science and Art of Medicine. 
Second Edition. Grown 8vo. Cloth, 
price 6 j. 

KINAHAN (G. Henry),M.R.I.A., 
&c., of her Majesty^s Geological 
Survey. 

Manual of the Geology of 
Ireland. With 8 Plates, 26 Woodr 
cuts, and a Map of Ireland, geologi¬ 
cally coloured. Square Svo. Clotn, 
price i5r. 

KING (Mrs. Hamilton). 

The Disciples. _ Fourth Edi¬ 
tion, with Portrait and Notes. 
Crown Svo. Cloth, price yr. 64 . 
Aspromonte, and other 
Poems. Second E<Eti<»i. Fcap. 
Svo. doth, price ^,6d. 
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KINGSFORD (Anna), M.D. 

The Perfect Way in Diet. 

A Treatise advocating a R*?turn to 
the lifatural and Ancient Food of 
Race. Small crown 8vo. Clv/thj pries 
as. 

KINGSI/EY (Charles), M.A. 
Letters and Memories of 
his Life. Edited hy his Wife, 
With 2 Steel engraved Portraits and 
numerous Illustrations on Wood, and 
a Facsimile of his Handwriting. 
Thirteenth Edition. 2 vols. Demy ; 
8vo. Cloth, price 36^. 

Also the eleventh Cabinet 
Edition in a vols. Crown 8vo. Cloth, 
price laJ. 

All Saints’ Day and other 

Sermons. Second Edition. Crown 
8vo. Cloth, js. 6</. 

True Words for Brave 
Men: a Book for Soldiers'^ and 
Sailors’ Libraries. Eighth Edition. 
Crown 8vo. Cloth, price 2J. dtf. 

KNIGHT (Professor W.). 

Studies in Philosophy and 
Literature, Large post 8vo. Cloth, 
price 7s. (id. 

KNOX (Alexander A,). 

The New Playground : or. 
Wanderings in Algeria, Large 
crown 8vo. Cloth, price 10s. 6d. 

LAMONT (Martha MacDonald). 
The Gladiator: A Life under 
the Roman Empire in the beginning 
of die Third Century. With four 
Illustrations by H. M. Paget. Extra 
fcap. Svo, Cloth, price sJ. 6d. 

LANG (A.). ■ , 

XXXir Ballades in Blue 
China. Elzevir. Svo, Parchment, 
price sr. 

LAYMANK (Capt.). 

The Frontal Attack of 
Infantry. Translated by Colonel 
Edward Newdigate. Crown 8vo. 
Cloth, price as. 6d. 

LEANDER (Richard). 
Fantastic Stories,' Trans¬ 
lated from the German by Paulina 
B. Granville. With Eight full-page 
Illustrations hy M. E. Fraser-Tytler. 
Crown Svo, Cloth, price SJ'. 


LEE (Rev. F. G.), D.C.L. 

The Other World; or, 

Glimpses of the Supernatural. 2 vols. 

A New Edition. Crown Svo. Cloth, 
price isj. 

LEE (Holme). , 

Her Title of Honour. A 
Book for Girls. New Edition. With 
a Frontispiece. Crown Svo. Cloth, 
price fjj. 

LEWIS (Edward Dillon). 

A Draft Code of Criminal 
Law and Procedure. Demy Svo. 
Cloth, price ?ir. 

LEWIS (Mary A.). 

A Rat with Three Tales, 

New and cheaper edition. With 
Four Illustrations by Cathenne F. 
Frere. Crown Svo. Cloth, price 35.6i/. 

LINDSAY(W. Lauder), M.D.,&c. 

Mind in the Lower Animals 

in Health and Disease. 2 vols. 
Demy Svo. Cloth, price 32^. 

LOCKER (F.). 

London Lyrics. A New and 
Revised Edition, with Additions and 
a Portrait of the Author. Crown Svo. 
Cloth, elegant, price 6r. Also a 
Cheap Edition, price as, 6d. 

LOKI. 

The New Werther. Small 

crown Svo. ,Cloth, price as. 6d. 

LORI MER (Peter), D.D. 

John Knox and the Church 
of England: HisWork in her Pulpit, 
and his Influence upon her Liturgy, 
Articles, and Parties. Demy Svo. 
Cloth, price i2r. 

John Wiclif and his’ 
English Precursors, hy Gerhard 
Victor Iiechler. Translated from 
the German, with additional Notes. 
New and Cheaper Edition, Demy 
Svo. Cloth, price los. 6d, 

Lovft Sonnets of Proteus. 

With frontispiece by the Author. 
Elzevir Svo, Cloth, price sj. 

Lowder (Charles) : a Biogra¬ 
phy. By the author of “ St. Teresa." 
Large crown 8yo. With Portrait. 
Cloth, price 7f, 6d. 
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LOWNDES (Henry). 

Poems and Translations. 

Crown 8vo. Cloth, price 6^, 

LUMSDEN (Lieut.-Col.H.W.). 

Beowulf. An Old English 

Poem. Translated into modern 
rhymes. Small crown 8vo. Cloth, 
price sx. 

MAC CLINTOCK (L.). 

Sir Spangle and the Dingy 
Hen. Illustrated. Square crown 
8vo., price ax. td. 

MACDONALD (Q.). 

Malcolm. With Portrait ol 
the Author engraved on Steel. Fourth 
Edition. Crown 8vo. Price 6 s. 
The Marquis of Lossie. 
Second Edition. Crown 8vo. Cloth, 
price 6 s. 

St. George and St. Michael. 

Second Edition. Crown 8vo. Cloth,6x. 

MACKENNA (S. J.). 

Plucky Fellows. A Book 
for Boys. With Six Illustrations. 
Fourth Fdition. Crovra 8yq. Cloth, 
price 3X. 6 d. 

At School with an Qld 

Dragoon. With Six Illustrations. 
Second Edition. Crown Svo. Ooth, 
price 5x. 

MACLACHLAN (Mrs.). 

Notes and Extracts on 
Everlasting Punishment and 
Eternal Life, according to 
Literal Interpretation. Small 
crown Svo. Cloth, price 3X. 6 d, 

MACLEAN (Charles Donald). 

Latin and Greek Verse 

Translations. Small crown Svo. 
Cloth, price 2X. 

MACNAUGHT (Rev. John). 

Ccena Domini: An Essay 

OIL the Lard's Supper, ite Primi¬ 
tive Institution, Apostolic Uses, 
and Subsequent History. Demy 
Svo. Cloth, price i4i. 

MAGNUS (Mrs.). 

About the Jews since Bible 
Times. From the Babylonian exile 
till the English Exodus. Small 
crown Svo. Cloth, price 6 s. 


MAGNUSSON (Eirikr), M.A., 
and PALMER(E.H,), M.A. 
Johan Ludvig Runeberg's 

Lyrical Songs, Idylls and Epi¬ 
grams, Fcap, Svo. Cloth, price 5x. 

MAIR (R. S.), M.D., F.R.C.S.E. 
The Medical Guide for 
Anglo-Indians. Being a Compen¬ 
dium of Advice to Europeans in 
India, relating to the Preservation 
and Regulation of Health. With a 
Supplement on the Management of 
Children in India. Second Edition, 
Crown Svo. Limp cloth, price 3s. 6d, 

MALDEN (H. E. and E. E.) 

Princes and Princesses, 

Illustrated. Small crown Svo. Cloth, 
price sx, 6 d, 

MANNING (His Eminence Car¬ 
dinal). 

The True Story of the 
Vatican Council, Crown Svo. 
Cloth, price 5X. 

MARKHAM (Capt. Albert Hast¬ 
ings), R.N. 

The Great Frozen Sea. A 
Personal Narrative of the Voyage of 
the "Alert" during the Arctic Ex¬ 
pedition of 3:875-6, With six full- 
page Illustrations, two Maps, and 
twenty-seven Woodatts, Fourth 
and cheaper edition. Crown Svo. 
Cloth, price 6x, 

A Polar Reconnaissance: 
being the Voyage of the " Isbjom'^ 
to Nevaya Zemlw in 1879. With 
10 Illustratians. Demy Svo. Cloth, 
price i6x. 

Marriage and Maternity; or, 
Scripture Wives and Mothers. 
Small crown Svo. Clotb, price 4X. 641 
MARTIN EAU (Gertrude). 
Outline Lessons on 
Morals. Small crown 8vo. Cloth, 
price 3x. 6 d. 

Master Bobby: a Tale. By 
the Author of “Christina North.’’ 
With Illustrations by E. H. Beli.. 
Extra fcap. Svo. Cloth, price 3 ^. 64 '. 
MASTERMAN (J.). 
Half-a-dozen Daughters. 
With a Fronti^iecc. Crown Bvo. 
Qoth, price 3X. 6d. 
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McGRATH (Terence). 

Pictures from Ireland. New 
and cheaper edition. Crown 8vo. 
Cleth, price aj. 

MEREDITH (George). 

The Egoist. A Comedy in Nar¬ 
rative. 3 vols. Crown Svo. Cloth, 
Also a. Cheaper Edition, with 
Frontispiece. Crown Svo. Cloth, 
price 6r. 

The Ordeal of Richard Fe- 

verel. A History of Father and S on. 
In one vol. with Frontispiece. Crown 
Svo. Cloth, price 6s. 

MEREDITH (Owen) [the Earl 
of Lytton], 

Lucile. With i6o Illu.stra- 

tions. Crown 4to, cloth extra, gilt 
leaves, price 2ij. 

MERRITT (Henry). 

Art - Criticism and Ro¬ 
mance. With Recollections, and 
Twenty-three Illustrations in eau- 
f»rte, hy Anna Lea Merritt. Two 
vols. lirge post Svo. Cloth, 25^. 

MIDDLETON (The Lady). 

Ballads. Square i6mo. Cloth, 

price 3J, 6 d. 

MILLER (Edward). 

The History and Doctrines 

of Irvingism; or, the so-called Ca¬ 
rbolic and Apostolic Church. 2 vols. 
Large post 8ve. Cloth, price ass, 

The Church in Relation to 
the State. Crown Svo. Cloth, price 
7s. 6d. 

MILNE (James), 

Tables of Exchange for the 

Conversion of Sterling Money into 
Indian and Ceylon Currency, at 
Rates from ix. Zd. to 2x. 3<f. per 
Rupee, Second Echtion. Demy 
Svo. Qoth, price 3J. 

MOCKLER(E.). 

A Grammar of the Baloo- 

chee Language, as it is^ spoken in 
Makran (Ancient Gedrosia), in the 
Persia-Arahic and Roman character. 
Fcap. Svo. Cloth, price 5s. 


MOFFAT (Robert Scott). 

The Economy of Consump¬ 
tion; an Orakted Chapter in Political 
Economy, with special reference to 
the Questions of Commercial Crises 
and the Policy of Trades Unions; 
and with Reviews of the Theories of 
Adam Smith, Ricardo, J. S, Mill, 
Fawcett, &c. Demy Svo. Cloth, 
price i8x. 

The Principles of a Time 

Policy: being an Exposition of a 
Method of Settling Disputes between 
Ei^loyers and Employed in regard 
to Time and Wages, by a simple Pro¬ 
cess of Mercantile Barter, without 
recourse to Strikes or Locks-out. 
Demy Svo. Qoth, price 35. 6d, 
MORELL (J. R.). 

Euclid Simplified in Me¬ 
thod and Language. Being a 
Manual of Geometry. Compiled from 
the most important French Works, 
approved by the University of Paris 
and the Minister of Public Instruc¬ 
tion. Fcap. Svo. Cloth, price ar. 6d. 

MORSE (E. S.), Ph.D. 

First Book of Zoology, 

With numerous Illustrations. New 
and cheaper edition. Crown Svo. 
Cloth, price ns. 6d. 

MORSHEAD (E. D. A.) 

The House of Atreus. 

Being the Agamemnon Libation- 
Bearers and_ Furies of jEschylus 
Translated into English Verse. 
Crown Svo. Cloth, price -js. 

MUNRO (Major-Gen. Sir Tho¬ 
mas), K.C.B., Governor of 
Madras. 

Selections from His 
Minutes, and other Official Writings. 
Edited, with an Introductory Me¬ 
moir, by Sir Alexander Arbutbnot, 
K.C. S.I., C.I.E. Two vols. Demy 
Svo. Cloth, price 3oi. 

NAAKE (J. T.). 

Slavonic Fairy Tales. 

From Russian, Servian, Polish, and 
Bohemian Sources. With Four Illus¬ 
trations. Crown Svo. Cloth, price gr. 

NELSON (J. H.). 

A Prospectus of the Scien¬ 
tific Study of the Hindu Law. 
Demy Svo. Cloth, price gx. 
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NEWMAN (J. H.), D.D. 

Characteristics from the 

Writings of. Being Selections 
from his various Works. Arranged 
with the Author’s personal approval. 
Third Edition. With Portrait. 
Grown 8vo. Cloth, price 6 j. 

A Portrait of the Rev. Dr. J. H. 
Newman, mounted for framing, can 
he had, price 2.5, td, 

NICHOLAS (Thomas), Ph.D., 
F.G.S. 

The PedigreeoftheEnglish 
People: an Argument, Historical 
and Scientific, on the Formation and 
Growth of the Nation, tracing Race- 
admixture in Britain from the earliest 
times, with especial reference to the 
incorporation of the Celtic Abori¬ 
gines. Fifth Edition. Demy 8vo. 
Cloth, price z6s. 

NICHOLSON (Edward Byron). 
The Christ Child^ and other 
Poems. Crown 8vo. Cloth, price 
4r. 6d, 

The Rights of an Animal. 
Crown 8vo. Cloth, price 35-, 6d. 
The Gospel according to 
the Hebrews. Its Fragments trans¬ 
lated and annotated, with a critical 
Analysis of the External and Internal 
Evidence relating to it. Demy Svo. 
Cloth, price §s. 6d, 

A New Comjp^entary on 
the Gospel according to Mat¬ 
thew. Demy Svo. Clotn, price las. 

NICOLS (Arthur), F.G.S., 
P.R.G.S, 

Chapters from the Physical 
History of the Earth. An Introduc¬ 
tion to Geology and Palaeontology, 
with numerous illustrations. Crown 
Svo. Cloth, price jr. 

NOAKE (Major R. Compton). 
The Bivouac; or, Martial 
Lyrist, with an Appendix—Advice to 
the Soldier. Fcap.Svo. Price 

NOEL (The Hon, Roden), 

A Little Child’s Monument, 
Third Edition. Small crown 8vo. 
Clotli, price ar. 6d, 


NORMAN PEOPLE (The). 
The Norman People, and 
their Existing Descendants in the 
British Dominions and the tlnited 
States of America. Demy Svo. 
Cloth, price aij. 

NORRIS (Rev. Alfred). 

The Inner and Outer Life 

Poems. Fcap. Svo. Cloth, price 

Notes on Cavalry Tactics, 
Organization, &c. By a Cavalry 
Officer. With Diagrams. Demy Svo, 
Cloth, price lar, 

Nuccs: Exercises on the 
Syntax of the Public School 
Latin Primer. New Edition in 
Three Parts. Crown 8vo. Each u. 

The Three Parts can also he 
had bound together in cloth, price 3jr, 

OATES (Frank), F.R.G.S. 
Matabele Land and the 
Victoria Falls: A Naturalist’s 
Wanderings in the Interior of 
South Africa. Edited by C. G. 
Oates, B.A., with numerous illus¬ 
trations and four maps. Demy Svo. 
Cloth, price 2if. 

O’BRIEN (Charlotte G,). 

Light and Shade. 2 vols. 

Crown Svo. Cloth, gilt tops, price 

laf. 

Ode of Life (The). 

Third Edition. Fcap. Svo. Cloth, 
price ss. 

OF THE IMITATION OP 
CHRIST. Four Books. Cabinet 
Edition, price ts, and ir. 6d,, cloth; 
Miniature Edition, price ts. 

Also in various bindings. 

O’HAGAN (John). ^ _ 

The Song of Roland. Trans¬ 
lated into English VerM. 
post Svo. Partmirwnt antique, jtfice 
jos.6d. 

O’MEARA (Kathleen). 

Frederic Ozanam, Professor 
of the Sorbonne; His Life and 
Works, Second Edition. Crown 
8w- Cloth, price js. 6<f. 

Henri Perreyve and His 
Counsels to the Sick, Small 
crown Svo. Clotli, price ss. 
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OTTLEV (Henry Bickersteth). 
The Great Dilemma: Christ 
His own Witness or His own 
Accuser. Six Lectures. Crown 8vo. 
Cloth, price 3s. 6d. 

Our Public Schools. Eton, 

Harrow, Winchester, Rvighy, West¬ 
minster, Marlborough, The Charter- • 
house. Crown 8vo. Cloth, price 6 s. 

OWEN(F. M.). 

John Keats, A Study. 

Crown 8vo. Cloth, price 6f. 

OWEN (Rev. Robert), B.D. 
Sanctorale Catholicum; or 
Book of Saints. With Notes, (Criti¬ 
cal, Exegetical, and Historical. 
Demy 8vo. Cloth, price iSr. 

An Essay on the Commu¬ 
nion of Saints. Including an 
Examination of the “ Cultus Sanc¬ 
torum.'' Price 25 . 

PALGRAVE (W. Gifford). 

Hermann Agha; An Eastern 

Narrative. Third and Cheaper Edi¬ 
tion. Crown 8vo. Cloth, price 

PANBURANG HARI; 

Or, Memoirs of a Hindoo. 
With an' Intraductory Preface by Sir 
H, Bartle E. Frere, G.C.S.I., C.B. 
Crown 8vo. Price 6r. 

PARCHMENT LIBRARY 
(The). 

Choicely printed on hand - made 
paper, limp parchment antique, price 
fir. each ; vellum, price 75. 6 d> each, 

Edgar Allan Poe’s Poems. 
With an Essay on his Poetry^ by 
Andrew Lang and a frontispiece 
by Linley Samboume. 
Shakspere’s Sonnets. 
Edited by Edward Dowden. With 
a Frontispiece, etched by Leopold 
Lowenstam, after the Death Mask. 
English Odes. Selected by 
Edmund W, Gosse. With Frontis¬ 
piece on India paper by Hamo 
Thomycroft, A.R.A. 

OF THE IMITATION 

OF CHRIST. Four Books. A 
revised Translation. With Frontis¬ 
piece on India paper, from a Design 
by W. B. l^chraond. 


PARCHMENT LIBRARY (The) 

—continued. 

Tennyson’s The Princess: 

a Medley. With a Miniature Fron¬ 
tispiece by H. M. Paget, and a Tail¬ 
piece in Outline by Gordon Browne. 

Poems : Selected from Percy 
Bysshe Shelley. Dedicated to Lady 
Shelley. With Preface by Richard 
Garnet, and a Miniature Frontis¬ 
piece. 

Tennyson's “In Memo- 
riam.” With a Miniature Portrait 
in eatt forte by Le Rat, after a 
Photograph by the late Mrs, Came¬ 
ron. 

PARKER (Joseph), D.D. 

The Paraclete: An Essay 

on the Personality and Ministry of 
the Holy Ghost, with some reference 
to current discussions. Second Edi¬ 
tion, Demy 8vo. Cloth, price laj. 

PARR (Capt. H. Hallam), 

A Sketch of the Kafir and 
Zulu Wars: Guadana to Isand- 
hlwana, with Maps. Small crown 
8vo. (llloth, price 55. 

The ■ Dress, Horses, and 
Equipment of Infantry and Staff 
Officers. Crown 8vo. Cloth, 
price IS. 

PARSLOE (Joseph). 

Our Railways : Sketches, 
Historical apd Descriptive. With 
Practical Information as to Fares, 
Rates, &c,, and a Chapter on Rail¬ 
way Reform. Crown 8vo. Cloth, 
price 6 s. 

PATTISON (Mrs. Mark). 

The Renaissance of Art in 
France. With Nineteen Steel 
Engravings. 2 vols. Demy 8vo. 
Cloth, price 325. 

PAUL (C, Kegan). 

Mary Wollstonecraft, 
Letters to Imlay. With Prefatory 
Memoir by, and Two Portraits ia 
eatf fortef by Anna Lea Merritt. 
Crown 8vo. Cloth, price 6 s. 

Goethe’s Faust. A New 
Translation in Rime. Crown 8vo. 
Cloth, price 6 s. 
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PAUL (C. 'K.eg&n)~cafif2nn£d. 
William Godwin: His 
Friends and Contemporaries. 
With Portraits and Facsimiles of the 
Handwriting of Godwin and his 
Wife. 2 vols, . Square post 8vo. 
Cloth, price 285. 

The Genius of Christianity 

Unveiled. Being Essays by William 
Godwin never before published. 
Edited, with a Preface, by C. 
Kegan Paul. Crown Svo. Cloth, 
price T's. 6d. 

PAUL (Margaret Agnes). 

Gentle and Simple: A Story. 

2 vols. Grown 8yo. Cloth, gilt tops, 
price XUS. 

Also a Cheaper Edition in one 
yoL with Frontispiece. Crown Svo. 
Cloth, price 6s. 

PAYNE (John). 

Songs of Life and Death. 

Crown 8vo. Cloth, price 5^. 

PAYNE (Prof, J. F.). 

Frobel and the Kindergar¬ 

ten System. Second Edirion. 

A Visit to German Schools; 
Elementary Schools in Ger- ; 
many. Crown 8vo. Cloth, price ' 
4r. 6d. 

PELLETAN (E.). 

The Desert Pastor, Jean 

Jarousseau. Translated from the 
French. By Colonel E. P. De 
L’Hoste. With a Frontispiece. New 
Edition. Fcap. Svo, Cloth, price 
SS. 6d. 

PENNELL (H. Cholmondeley). 

Pegasus Resaddled. % 

the Author of “ Puck on Pegasus,” 
&c. &c. With Ten Full-page Illus¬ 
trations by George Dn Maurier. 
Second Edition. Fcap. 410. Cloth 
elegant, price izs. 6d, 

PENRICE (Maj. J.), B.A. 

A Dictionary and Glossary 
oftheKo-ran. With copious Gram¬ 
matical References and Expirations 
of the Text. 4to. Cloth, price %xs, 

PESCHEL (Dr. Oscar), 

The Races of Man and 
their Geographical Distribution. 
Large crown Svo. Cloth, price 9^, 


PETERS (F. H.). 

The^ Nicomachean Ethics 

of Aristotle. Translated by. Crown 
Svo. Cloth, price 6s. 

PFEIFFER (Emily). 

Under the Aspens. Lyrical 
and Dramatic. Crown 8vo. With 
• Portrait. Cloth, price 6jf. 
Quarterman’s Grace, and 
other Poems, Crown Svo. Cloth, 
price 5jr. 

Gian Alarch: His Silence 
and_ Song. A Poan. Second 
Edition. Crown Svo. price Sx. 
Gerard’s Monument, and 
other Poems. Second Edirion. 
Crown Svo, Cloth, price 6s. 
Poems. Second Edition* 
Crown Svo. Qoth, price 6r, 
Sonnets and Songs. New 
Edition. i6mo, handsomely printed 
and bound in cloth, gilt edges, price 
:.5S. 

PIKE (Warburton). 

The Inferno 0/ Dante Ali¬ 
ghieri. Demy 8 m 0oth, pric^ jx, 

PINCHES (Thomas), MvA. 
Samuel Wilberforce; Faith 
—Service—Recompense. Three 
Sennons. With a Portrait of Bishop 
Wilberforce (after a Photograph by 
Charles Watkins), CrownSvo. Cloth, 
price 4X. 6d. 

PLAYFAIR (Lieut.-Col.), Her 
Britannic Majesty’s Consul-C^eral 
in Algiers. 

Travels in the Footsteps of 
Bruce in Algeria and Tunis. 
Illustrated by facsimiles of Bmce’s 
original Drawings, Photographs, 
Maps, &c. Roym xto. Qoth, 
bevelled boards, gilt leaves, price 
^3 3 ^' 

POLLOCK (Frederick). 

Spinoza. His Life and Phi¬ 
losophy. Demy Bvo. Cbth, 
price i6x. 

POLLOCK (W. H.). 

Lectures on French Poets. 
Delivered at the Royal Insritarion. 
Small crown Svo. Goth, price ss. 
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POOR (Laura E.). 

Sanskrit and its kindred 
Literatures. Studies in Compara¬ 
tive Mythology. Small crown 8vo. 
Cloth, price sr. 

POUSHKIN (A. S.}. 

Russian Romance. 
Translated from the Tales of BelHn, 
&c. By Mrs. J. Buchan Telfer {nte 
Mouravieff). Crown Svo. Cloth, 
price 3^. 6</. 

PRESBYTER. 

Unfoldings of Christian 

Hope. An Essay showing that the 
Boctrine contained in the Damna¬ 
tory Qauses of the Creed commonly 
called Athanasian is un^riptural. 
Small crown Svo. Cloth, price 4^. 6(f. 

PRICE (Prof, Bonamy). 
Currency and Banking. 
Crown 8 yo. Cloth, price 6s, 

Chapters on Practical Poli¬ 
tical Economy. Being the Sub¬ 
stance of Lectures delivered before 
the Unxvermty of Oxford. Large 
post Svo. Cloth, price lar. 

Proteus and Amadeus. A 

Correspondence. Edited by Aubrey 
DeVere. Crown Svo. Cloth, price 5^. 

PUBLIC SCHOOLBOY. 

The Volunteer, the Militia¬ 
man, and the Regular Soldier. 
Crown Svo. .Cloth, price 

PULPIT COMMENTARY (The). 
Edited by the Rev. J, S. Exell and 
the Rev. Canon H. D. M, Spence. 

Genesis. By Rev. T. White- 
law, M.A.; with Homilies by the 
Very Rev. J. F. Montgomery, D. D., 
Rev. Prof. R. A. Redford, M.A., 
LL.B., Rev. F. Hastings, Rev. W. 
Roberts, M.A. An Introduction to 
the Study of the Old Testament by 
the Rev. Canon Farrar, D.D., 
F.R.S.; and Introductions to the 
Pentateuch by the Right Rev. H. 
Cotterill, D.D., and Rev. T. White- 
law, M.A. Fifth Edition, Price 


PULPlT GOMMENTARY(The)> 
— continued. 

Numbers. By the Rer. R. 
Winterbotham,LL.B. With Homilies 
by the Rev. Prof, W. Binnie, D.D., 
Rev. E. S. Prout, M.A., Rev. D. 
Young, Rev. J. Waite, and an In¬ 
troduction by the Rev. Thomas 
Whitelaw, M.A. Third Edition. 
Price i5jr. 

Joshua, By the Rev. J. J. 
Lias, M.A, With Homilies by the 
Rev. S. R. Aldridge, LL.B., Rev. 
R. Glover, Rev. E. de Pressense, 

D. D., Rev. J, Waite, Rev. F. W. 
Adeney, and an Introduction by the 
Rev. A. Plummer, M.A. Third 
Edition. Price rar. 6 d. 

Judges and Ruth. By Right 
Rev, Lord A. C. Hervey, D.D., and 
Key. J, Momson, D.D. With Ho¬ 
milies by Rev. A. F. Muir, M.A.: 
Rev. W. F. Adeney, M.A.; Rev. 
W. M. Statham; and Rev. Prof. J. 
R. Thoraison, M.A. Third Edition. 
Cloth, price 15J. 

I Samuel, By the Very Rev. 
R. P. Smith, D.D. With Homilies 
by the Rev. Donald Fraser, D.D., 
Rev. Prof. Chapruan, and Rev. B. 
Bale. Fourth Edition. Price 15^. 

I Kings. By the Rev. Joseph 
Hammond, LL.B. With Homilies, 
hy the Rev. E. de Pressense, D.D., 
Rev. J. Waite, B. A., Rev. A. Row¬ 
land, LL.B., Rev. J. A. Macdonald,, 
and Rev. J. Urquhart. 

Ezra, Nehemiah, and 
Esther. By Rev, Canon G. Rawlin- 
son, M.A,; with Homilies by Rev. 
Prof. J. R. Thomson, M.A., Rev. 
Prof. R. A. Redford, LL.B., M.A., 
Rev. W, S. Lewis, M.A, , Rev. J. A. 
Macdonald, Rev. A. Mackennal, 

E. A., Rev, W. Clarkson, E,A., Rev. 

F. Hastings, Rev. W. Dinwiddie, 
LL.B., Rev. Prof. Rowlands, B.A., 
Rev. G. Wood, B.A., Rev. Prof. P. 
C. Barker, LL.B,, M.A., and Rev. 
J. S. Exell. Fifth Edition. Price 

I2J. 6 d. 

Punjaub (The) and North 

Western Frontier of India. By an 
old Punjaubee. Crown 8vo. Cloth, 
price 5J. 

Rabbi Jeshua. An Eastern 
Story. Crown Svo. Cloth, price 
3r. 6d, 
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RADCLIFPE (Frank R. Y.). 

The New PoHticus. Small 
crown 8vo.- Cloth, price 2S, 6d. 

RAVENSHAW Oohn Henry), 
B.C.S, 

Gaur: Its Ruins and In¬ 
scriptions. Edited with oocsider- 
ablc additions and alterations by bis 
Widow. _ With forty-four photo¬ 
graphic illustrations and twenty-five 
fac-similes of Ijiscriptions. Super 
royal 4to. Cloth, 3/, i3f, 

READ (Carveth). 

On the Theory of Logic: 
An Essay. Crown 8vo. Doth, 
price 6s^ 

Realities of the Future Life. 
Small crown 8vo. Cloth, price 
xs, 6d, 

REANEY (Mrs. Q. 8.). 

Blessing and Blessed; a 
Sketch of Girl Life. New and 
cheaper Edition. With a frontis¬ 
piece. CxownBvo. Cloth, price31.6<f. 
Waking and Working; or, 
from Girlhood to Womanhood. 
New and cheaper edition. With a 
Frontispiece. Crown Bvo. Cloth, 
price 3^. (>d. 

Rose Gurney’s Discovery. 
A Book for Girls, dedicated to their 
Mothers. Crown 3 vo. Cloth, price 
3r. 6d. 

English Girls: their Place 
and Power. With a Prefece by 
R. W. Dale, M.A., of Birmingham. 
Third Edition. Fcap. Svo. Cloth, 
price xs, ^d, 

ust Anyone, and other 
tories. Three Illustrations. Royal 
i6mo. Cloth, price xs. 6d. 

Sunshine Jenny and other 

Stories. Three Ilhistrations. Royal 
i6mo. Cloth, price i^. 6rf. 
Sunbeam Willie, and other 

Stories. Three Illustrations. Royal 
i6mo. Cloth, price is. 6d, 

RENDALD(J. M.). 

Concise Handbook of the 
Island of Madeira. With plan of 
Funchal and map of the Island. F cap. 
8vo. Cloth, price is, 6d, 
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I REYNOLDS (Rev. J.W.). 

The Supernatural in Na¬ 
ture. A Verification by Free Use of 
” Science. Second Edition, revised 
and enlarged. Demy 8vo. Cloth, 
price t4s. 

Mystery of Miracles, The. 
By the Author of “ The Supematiural 
in Nature,” New and Enlarged 
Edition. Crown 8vo. Cloth, price 
fir. 

RHOADES (lames). 

The Georgies of Virgil. 
Translated into English Vene. Small 
crown Svo. Cloth, price ss. 

RIBOT (Prof, Th.). 

English Psychology. Se¬ 
cond Edition, A Reused and Cor¬ 
rected Tran.sIation &oin the latest 
French Idition. Large post Svo. 
Cloth, price gs. 

I Hereaity j A Psycholtmcal 

Sto^ on its Phenomena, its Laws, 
its (>us«^ and its Cooseg^nemce*. 
Iduge crown Svo. Cbth, pnee 91. 

RINK (Chevalier Dr. Henry), 
Greenland : Its People and 
ita Product*. By lh* ChevaBer 
Dr. Henry Rink, President of the 
Greenland Board of Trade, With 
sixteen Illustrations, drawn by the 
Eskimo, and a Map, Edited by Dr. 
Robert Brown. Crown Svo, Price 
lor. fid. 

ROBERTSON (The Late Rev. 
F. W.), M.A., of Brightoo. 

The Human Race, and 
other Sermons preached at Chelten¬ 
ham, Oxford, and Brighton. Second 
Edition. liuge post Svo, Cloth, 
price 7J. 6 d, 

Notes on Genesis. New 
and cheaper Edition. Crown 8vo., 
price 3J. 6 d, 

Sermons, Four Series. Small 
crown Svo. Cloth, price 3s. W. each. 
Expository Lectures on 
St Paul’s Epistles to the Co¬ 
rinthians, A New Edition. Small 
crown Sva Cloth, price gi. 
Lectures and Addresses, 
with other literary r«naiii& A New 
Edition. Crovrafvo. Qoth, price jr. 
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ROBERTSON (The Late Rev. 
F. W.), M.A., of Brighton-^-s-^' 
tinued. 

An Analysis of Mr. Tenny¬ 
son’s " In Memoriara.” (Dedi¬ 
cated by Permission to the Poet- 
Lanreate,) Fcap.Svo. Cloth, price as’. 

The Education of the 
Human Race, Translated from 
the German of Gotthold Ephraim 
Lessing. Fcap. 8vo. Cloth, price 
as. 6d. 

Life and Letters, Edited by 
the Rev. Stopford Brooke, M.A., 
Chaplain in Ordinary to the Queen. 

I . a vols., uniform with the Ser¬ 
mons. With Steel Portrait Crown 
8vo. Cloth, price 7s. 6d. 

II. Library Edition, in Demy 8vo., 
with Portrait Cloth, price loi. 

III. A Popular Edition, in one vol. 
Crown Svo. Cloth, price 6^. 

TAg aiom Works can also is had 
ktdf lound in morocco. 

A Portrait of the late Rev. F. W. 
Rohertson, mormted for framing, can 
be had, price as. 6d. 

ROBINSON (A. Mary F.). 

A Handful of Honey- 
anckle. Fcap. 8vo. Cloth, price 
3J. 6rf. 

The Crowned Hippolytus. 
Translated from Euripides. With 
New Pc^ras. Small crown Svo, 
Cloth, price 5JP. 

RODWELL (O. F.), F.R.A.S., 
F.C.S. 

Etna: a History of the 
Mountain and its Eruptions. 
With Maps and Illustrations. Square 
Svo. Cloth, price gj. 
ROLIiESTON (T. W. H,), B.A. 
The Encheiridion of Epic¬ 
tetus, Translated from the Greek, 
with a Preface and Notes. Small 
crown Svo. Cloth, price 31. 6d. 

ROSS (Mrs. E.), (“ Nelsie Brook ”)• 
Daddy’s Pet. A Sketch 
frem Humble Life. With Six JUus * 
trations. Ro3ral iSmo. Cloth, price is. 
SADLER (S. W.), R.N. 

The AiWean Cruiser. A 

Midshipman’s Adventures on the 
West Coast With Three Illustra¬ 
tions. Second Edition. Crown Svo, 
Cloth, price ss,6d. 


SALTS (Rev. Alfred), LL.D. 
Godparents at Confirma¬ 
tion. With a Preface by the Bishop 
of Manchester. Small crown 8vo. 
Cloth, limp, price as. 

S ALVATO R (Archduke Ludwig). 
Levkosia, the Capital of 
Cyprus. Crown 8vo. Cloth, price 
10s. 6d. 

SAMUEL (Sydney Montagu). 
Jewish Life in the East. 
Small crown Svo. Cloth, price 3s. 6d. 

SAUNDERS (John). 

Israel Mort, Overman ; A 

Story of the Mine. Cr. Svo. Price 6s. 

Hirell. With Frontispiece, 

Crown Svo. Cloth, price 3^. 6 d. 
Abel Drake’s Wife. With 
Frotitispiece, Crown Svo. Cloth, 
price 3J. 6d. 

SAYCE (Rev. Archibald Henry). 

Introduction to the Science 

of Languaae. Two vols,, large post 
Svo. Cloth, price 35^. 

SCHELL (Maj, von). 

The Operations of the 
First Army under Gen. von 
Goeben. Translated by Col. C. H. 
von Wright. Four Maps. Demy 
Svo. Cloth, price gs. 

The Operations of the 
First Army under Gen. von 
Steinmetz. Translated by Captain 
E.^ 0 . Hollist. Demy Svo. Cloth, 
price 3or. 6d. 

SCHELLENDORP (Maj.-Qen. 
B. von). 

The Duties of the General 

Staff. Translated from the German 
by Lieutenant Hare. Vol. 1 . Demy 
Svo. Qoth, loj. 6d. 

SCHERFF (Maj. W. von). 
Studies m the New In¬ 
fantry Tactics, Parts I. and II. 
Translated from the German by 
Colonel Lumley Graham. Demy 
Svo. Cloth, price 7s. 6d. 

Scientific Layman, The New 
Truth and the Old Faith : are they 
Incompatible? Demy Svo. Cloth, 
price roj. 6d. 
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SCOONES (W. Baptiste). 

Four Centuries of English 
Letters. A Selection of 3^0 Letters 
by 150‘Writers from the, period of the 
Paston Letters to the Present Time. 
Edited and arranged by. Second 
Edition. Large crown 8vo. Cloth, 
price pr, 

SCOTT (Leader). 

A Nook in the Apennines: 

A Summer beneath the Chestnuts. 
With Frontispiece, and 27 Illustra¬ 
tions^ in the Text, chiefly from 
Original Sketches. Crown 8yo. 
Cloth, price ^s. 6rf. Also a Cheap 
Edition, price ar, 6rf. 

SCOTT (Robert H.). 

Weather Charts and Storm 
Warnings. Illustrated. SecondEdi- 
tion, Crown 8vo. Cloth, price sr. ddl 

Seeking his Fortune, and 

other Stories. With Fom: lUi^tra- 
tions. New and cheaper Edition. 
Crown 8vo. Cloth, price nj, td. 

SENIOR (N, W.). 

Alexis De Tocqueville. 
Correspondence and Conven^tions 
with Nassau W. Senior, from 1833 *0 
1859. Edited by M. C. M. Simpson. 

2 vols. Large post 8 vo. Cloth,price a i s. 

Seven Autumn Leaves from 

Fairyland. Illustrated with Nine 
Etchings. Square crown 8vo. Cbth, 
price 3J. 6if. 

SHADWELL (Maj.-Gen.), C.B. ' 
Mountain Warfare. Illus¬ 
trated by the Campaign of 1799^ in 
Switzerland. Being a Translation 
of the Swiss Narrative compiled from 
the Works of the Archduke Charles, 
Jomini, and others. Also of Notes 
by General H. Bufour on the Cj^- 
paign of the Valtelline in 1635. With 
Appendbc, Maps, and Introductory 
Remarks. Demy 8vo. Cloth, price i6s. 

SH AKSPEARE (Charles). 

Saint Paul at^ Athens: 
Spiritual Christianity in Relation to 
some Aspects of Modern Thought. 
Nine Sermons preached at St. Ste¬ 
phen’s Church, Westboume Park. 
With Preface by the Rev. Canon 
Farrar. Crown 8vo. Cloth, price 5J. 


SHAW (Major Wilkinson). 

The Elements of Modern 
Tactics. Practically applied to 
English Formations, With Twenty- 
five Plates Maps. Second and 
cheaper Edition. Small crown Svo. 
Cloth, price gs. 

The Second Volumo of ^'Mili¬ 
tary Handbooks for Officers and 
Non-commissioned Officers.” Edited 
by Lieut.-Col. C. B. Brackenbury, 
R.A,, A.AG. 

SHAW (Flora L.). 

Castle Blair: a Story of 
Youthful Lives, a vols. Crown Svo. 
Cloth, gilt tops, price lar. Also, an 
ddtion in one voL Crown 8vo. 6s. 
SHELLEY (Lady). 

Shelley Memorials from 

Authentic Sources. With (now 
first printed) an Essay on Christian¬ 
ity by Percy Bysshe Shelley. With 
Portrait. Third Editaoa. Crown 
Svo. Cloth, price gs. 

SHERMAN (Gen. W. T.). 

Memoirs of Gener;^ W. 

T. Sherman, Commander of the 
Federal Forces in the American Civil 
War. By Himself, a vols. With 
Map. Demy Svo Cloth, price 241. 
Copyright English Sditim, 
SHILLITO (Rev. Joseph). 

Womanhood: its Duties, 
Temptations, and Privileges. A 
for Young Women. Second Editicm. 
Crown Svo. Price 3^, 6d. 
SHIPLEY (Rev, Orby), M.A. 
Principles of the Faith in 
Relation to Sin. Topics for 
Thought in Times of Retreat. 
Eleven Addresses, With an Intro¬ 
duction on the neglect of Dogtnatiti 
Theology in the Church of England,* 
and a Postscript on his leaving the 
Church of England. Demy Svo. 
Cloth, price lai. 

Church Tracts, or Studies 
in Modem Problems. By variooa 
Writers, a vols. CrovnsSvo, Goth, 
price gs, each. 

Sister Augustine, Superior 
of the Sisters of Charity at the St. 
Johannis Hospital at Bonn. Aatha- 
rized Translation by Hans Tharaa 
from the German Memorials of Ama¬ 
lie von Lasauix. Second edition. 
lArge crown Svo. Goth, price 7r. 
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Six Ballads about King 
Arthur, Crown 8vo. Cloth extra, 
gilt edges, price sr. 6d. 

SKINNER (James). 

Ccelestia ; the Manual of St. 
Augustine. The Latin Text side by 
side witk an English Interpretation, 
in 36 Odes, with Notesj aftd a plea 
far the Study ef Mystic Theology. 
Large crown Svo. Cloth, price 6s. 

SMITH (Edward), M.D., LL.B., 
F.R.S. 

Health and Disease, as In¬ 
fluenced by the D^ly, Seasonal, and 
other Cyclical Changes in the Human 
System. A New Edition. Post Svo. 
Cloth, price yr. 6d. 

Practical Dietary for 
Families, Schools, and the La¬ 
bouring Classes. A New- Edition. 
Post Svo. Cloth, price 3J. 6 d. 

Tubercular Consumption 
in its Early and Remediable 
Stages. Second Edition. Crown 
Svo. Cloth, price 6 j, 

Songs of Two Worlds. By 

the Author of " The Epic of Hades.'* 
Sixth Edition. Complete in one 
Volume, with Portrait. Fcap. Svo. 
Qoth, price 7s, 6ti, 

Songs for Music. 

By Four Friends. Square crown 
Sva Cloth, price sr. 

Containing songs by Reginald A. 
Ga^, Stephen H. Gatty, Greville 
J. Chester, and Juliana Ewing. 

SPEDDING aarwes). 

Evenings with a Reviewer; 
or, Bacon and Macaulay. With 
a Prefatory Notice by G. S. Vsw- 
ABLKS, Q.G. 3 vols. Demy 8yo. 
Cloth, price i8r. 

Reviews and Discussions, 
Literary, Political, and His¬ 
torical, not relating to-Bacon. 
Demy Svo. Cloth, price isj. 6d, 

STAFFER (Paul). 

Shakspeare and Classical 

Antiquity: Greek and Latin Anti- 


STAPFER (Paul)— 
quity as presented in Shakspeara’s 
Plays. Translated by Emily J. Carey, 
Large post Svo. Cloth, price i2j. 

St. Bernard on the Love 

of God. Translated by Marianne 
Caroline and Coventry Patmore. 
Cloth extra, gilt top, price 4^. 6d. 

STEDMAN (Edmund Clarence). 
Lyrics and Idylls. With 
other Poems. Crown Svo. Cloth, 
price 7s. 6d. 

STEPHENS (Archibald John), 
LL.D. 

The Folkestone Ritual 
Case. The Substance of the Ar^- 
ment delivered before the Judicial 
Committee of the Privy Council. On 
behalf of the Respondents. Demy 
8vo. Cloth, price 6a. 

STEVENSON (Robert Louis). 
Virginibus, Puerisque, and 
other Papers. Crown Svo. Cloth, 
price 6j. 

STEVENSON (Rev. W. F.). 

Hymns for the Church and 

Home. Selected and Edited by the 
Rev. W. Fleming Stevenson, 

The most complete Hymn Book 
published. 

The Hymn Book consists of Three 
Parts:—I. For Public Worship.— 
II. For Family and Private Worship. 
-III. For Children. 

Published in various forms and 
prices, the latter ranging front %d, 
to 6s, Lists and full particulars 
’will he furnished on a^lication to 
the Publishers. 

STOCKTON (Frank R,). 

A Jolly Fellowship. With 
20 Illustrations. Crown Svo. Cloth, 
price 5J. 

STORR (Francis), and TURNER 
Hawes), 

Canterbury Chimes ; or, 

Chaucer Tales retold to Children, 
With Illustrations from the Elles¬ 
mere MS. Extra Fcap. 8vo. Cloth, 
price 3s. 6d. 
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■Strecker-Wishcenus's Orga¬ 
nic Chemistry. Translated and 
edited with, extensive additions by 
W. R. Hodgkinson, Ph. D., and 
A. J. Gehenway, F.I.C. Demy 8vo. 
Cloth, price sir. 

STRETTON (Hesba). 

David Lloyd's Last Will. 
With Four Illustrations. Royal 
i6mo., price as. td. 

The Wonderful Life. 

Thirteen^ Thousand. Fcap. Svo. 
Cloth, price ai. Cxd, 

Through a Needle's Eye 5 

a Story. Crown 8vo. Cloth, price 

6s, 

STUBBS (Eieut.-Colonel F. W.) 

The Regiment of Bengal 

Artillery. The History of its 
Organization, Eguipment, and War 
Services. C^piled firom Published 
Works, OfiScial Records, and various 
Private Sources. With numerous 
Maps and Illustrations. 3 vols. 
Demy 8vo. Cloth, price 33J, 

STUMM (Lieut. Hugo), Gennan 
Military Attache to the Ithivan Ex- 
pe<htion. 

Russia's advance East¬ 
ward, Based on the Official Repcnrts 
of. Translated by Capt. C. E. H. 
Vincent. With Map. Crown Svo. 
Cloth, price 6s, 

SULLY (James), M.A. 
Sensation and Intuition. 
Demy 8vo. Second Edition. Cloth, 
price loj. 6d, 

Pessimism: a Historjr and 

a Criticism. Demy 8vo. Price i+s. 

Sunnyland Stories. 

By the Author of “Aunt Mary^s Bran 
Pie.” Illostruted. Small 8vo. (^oth, 
price 3J. 6d 

Sweet Silvery Sayings of 

Shakespeare. Crown 8vo. Cloth 
gilt, price 74. 6d, 

SYME (David), 

Outlines of an Industrial 
Science. Second Edition. Crown 
8vo. Cloth, price 6s, 


SYME (David)— coniimied. 
Representative Govern¬ 
ment in England. Its Faults and 
Failures. Large crown 8vo.. Cloth, 
price 6 s, 

Tales from Ariosto. Retold for 

Qiildren, by a Lady. U^th three 
illustrations. Crown 8vo. Cloth, 
price j^s. 6d. 

TAYLOR (Algernon). 

Guienne. Notes of an Autumn 
Tour. Crown 8vo. Cloth, price 44. fiaf. 

TAYLOR (Sir H.). 

Works Complete. Author's 
Edition, in 5 vols. Crown 8vo. 
Cloth, price 6s. each. 

Vols. I. to III. cDnt?uning tthe 
Poetical Works, Vols. IV. and V, 
rite Prose WorJcs. 

T.^LO]^(Col. Meadows), C.S.I,, 

A Noble Queen: a Romance 

of _ Indian History. New Edition. 
With Frontispiece. Crown 8va. 
Cloth. Price 6s, 

Seeta. New Edition with 

fi-ontispiece. Crown 8vo. Qoth, 
pricefir, 

Tippbo Sultaun: a Tale of 
the Mysore War. New EditicKt with 
Frontispiece, Crown 8vo. Onth, 
price dr. 

Ralph DamelL New Edi- 

rion. With Frontispiece. Crown 8vo. 
Cloth, price 6s. 

The Confessions of a Thjog. 

New Edition. With Frontispiece. 
Crown 8vo. Cloth, price 6s, 

Tara; a Mahratta Talc. 
New Edition. With Frontispiece. 
Crown *vo. Doth, price &r. 

TENNYSON (Alfred). 

The Imperial Library Edi¬ 
tion. Complete in 7 vols. DemySvo. 
Cloth, price >^3 134. ; in Rox- 

hurgh binding, js. €d. 

Author's Edition. Complete 
in 7 Volumes. With Frontispieces, 
Crown tvo. Cloth, jrice 434. drf.; 
Roxburgh half m£Mnc«>, price 54*. 
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TENKYSON {J^izt.’dL^conUtmed, 
Cabinet Edition, in 13 ‘Vols. 
with Frontispieces. Fcap. 8 vo. 
Cloth, price zs. each, or com.' 
plete in cloth box, price 35^. 

Each volume in the above edi¬ 
tions may he had separately. 

The Royal Edition, With 

26 Illustrations and Portrait. Cloth 
extra, bevelled hoards, gilt leaves. 
Price 215 *. 

The Guinea Edition. In 

14 vols., neatly bound and enclosed 
in box. Cloth, price 215. French 
morocco or parchment, price 314. 6 d. 

The Shilling Edition of the 
Poetical and Dramatic Works, in 12 
vols., pocket size, Price u, each. 

The Crown Edition [the 

118th thousand], strongly hound in 
doth, price 6 j. Cloth, extra gilt 
leaves, price Roxburgh, 

half morocco, price 8s. 6 d. 

Can also be had in a variety 
of other bindings. 

Original Editions; 

Ballads and other Poems. 

Fcap. 8vo. Cloth, price 55. 

The Lover’s Tale. (Now 
for the first time published.) Fcap. 
8vo. Cloth, 3r. 6 d. 

Poems. Small Svo. Cloth, 

price 6 j. 

Maud, and other Poems. 

Small 8vo. Cloth, price 3s. 6 d. 

The Princess. Small Svo. 

Cloth, price 35. 6 d. 

Idylls of the King. Small 

Svo. Qoth, price 35. 

Idylls of the King. Com¬ 

plete. Small Svo. Cloth, price 6f. 

The Holy Grail, and other 
Poems. Si3^1 Svo. Cloth, price 
4s,6d. 

Gareth and Lynette. Small 

Svo. Cloth, price 35. 

Enoch Arden, &c. Small 

8va Cloth, price 35.6 d. 


TBN NYSON CAlfrcd)--ct 7 «zf£«V 
In Memoriam, Small % ’ 

Cloth, price 45. 

Queen Mary. A Dranj% 
New Edition. Crown Svo. Cloi * 
price 65 . 

Harold, A Drama. CroW^ 

Svo. Cloth, price 65. ^ 

Selections from Tenny| 
son’s Works. Super royal i6moi 
Cloth, price 35. 6d. Cloth gilt extra,, 
price 45. ^ 

Songs from Tennyson's 

Works. Super royal i6mo. Cloth 
extra, price 35. 6 d. 

Msq a cheap edition. x6mo. 
Cloth, price 25 . 6 d. 

Idylls of the King, and 
other Poems. Illustrated by Julia 
Margaret Cameron. 2 vols. Folio. 
Half-bound morocco, cloth sides, 
price ;^6 65. each. 

Tennyson for the Young and 
for Recitation, Specially arranged 
Fcap. Svo. Price i5. 6 d. 

Tennyson Birthday Book. 

Edited by Emily Shalcespear. 32mo. 
Cloth limp, 25 .; cloth extra, 35. 

A superior edition, printed in 
red and black, on antique paper, 
specially prepared. Small crown 8vo. 
Cloth extra, gilt leaves, price 55.; 
and in various calf and morocco 
bindings. 

Songs Set to Music, by 
various Composers. Edited byW. 
G, Cusins. Dedicated by express 
permission to Her Majesty the 
Queen. Royal 4to. Cloth extra, 
gilt leaves, price 215., or in half¬ 
morocco, price 255. 

An Index to /‘In Memo¬ 

riam.” Price 25 . 

THOMAS (Moy). 

A Fight for Life. With 

Frontispiece. Crown Svo. Cloth, 
price 35. 6 d. 

THOMPSON (Alice C.). 

Preludes. A Volume of 

Poems. Illustrated by Elizabefh 
Thompson (Painter of “ The Roll 
Call"). Svo. Cloth, price 75. erf. 
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.OMSON G-Turnbull), 
fa Social Problems; or^ an In- 

jry into the Law of Influences, 
7 ith Diagrams. Demy 8vo. Cloth, 
price I os. fid. 

‘HRINQ (Rev. Godfrey), B.A. 
Hymns and Sacred Lyrics, 
Fcap. 8 VO. Cloth, price 35-. fid. 
TODHUNTER (Dr. J.) 

Forest Songs. Small crown 

8vo. Gloth, sjr. 6d. 

The True Tragedy of 

Rienzi. A Drama. 

A Study of Shelley. Crown 

8vo. Cloth, price ^s. 

Alcestis : A Dramatic Poem. 

Extra fcap. 8vo. Cloth, price s-f. 

Laurella; and other Poems, 

Crown 8vo. Cloth, price 6s. €d. 
Translations from Dante, 
Petrarch, Michael Angelo, and 
Vittoria Colonna. Fcap. 8vo. 
Cloth, price 7s. 6'd. 

TURNER (Rev. C. Tennyson). 
Sonnets, Lyrics, and Trans¬ 
lations. Crown 8vo. Cloth, price 
4s. 6d. 

Collected Sonnets, Old and 

N ew. WitkPrefatoryPoemhyAlfred 
Tennysan ; also so me Marginal N otes 
by S. T. Coleridge, and a Critical 
Essay by James Spedding. Fcap. 
8vo. Cloth, price ys. 6d, 
TWINING (Louisa). 

Recollections of Work- 
house Visiting and Manage¬ 
ment during twenty-five years. 
Small crown 8vo. Cloth, price 3s. 6d. 
UPTON (Major R. D-). 
Gleanings from the Desert 
of Arabia. Large post 8vo. Cloth, 
price los. 6d. 

VAUGHAN (H. Halford). 

New Readings and Ren¬ 
derings of Shakespeare’s Tra¬ 
gedies, 2 vols. Demy 8vo. Cloth, 
price st^s. 

VI AT OR (Vacuus). 

Flying South, Recollections 
of France and its Littoral, Small 
crown 8vo. Cloth, price 3s. 6d. 
VILLARKProf.). 

Niccolo Machiavelli and 
His Times. Translated hy Linda 
Villari. a vols. Large post Syo. 
Cloth, price n^s. 


VINCENT (Capt. C. E. H.). 
Elementary Military 
Geography, Reconnoitring, and 
Sketching. Square crown 8vo, 
Cloth, price as, 6d. 

VYNER (Lady Mary). 

Every day a Portion. 
Adapted from the Bible and the 
Prayer Book, Square crown Svo. 
Cloth extra, price 55“. 

WALDSTEIN (Charles), Ph. D. 
The Balance of Emotion 
and Intellect: An Essay Intro¬ 
ductory to the Study of Philosophy. 
Crown 8vo. Cloth, price 6 s. 
WALLER (Rev. C. B.) 

The Apocalypse, Reviewed 
under the Light of the Doctrine of 
the^ Unfolding Ages and the Resti¬ 
tution of all Things. Demy 8vo. 
Cloth, price xas. 

WALSHE (Walter Hayle), M.D. 
Dramatic Singing Physio¬ 
logically Estimated. Crown 8vo. 
Cloth, price 3s. 6d. 

WALTERS (Sophia Lydia). 

The Brook : A Poem. Small 

crown Svo. Cloth, price jr. 6d. 

A Dreamer’s Sketch Book. 
With Twenty-one Illustrations. 
Fcap. 4to. Cloth, price xas. 6d. 
WATERPIELD, W. 

Hymns for Holy Days and 

Seasons. ^12010. Cloth, price is. 6d^ 

WATSON (Sir Thomas), Bart., 
M.D. 

The Abolition of Zymotic 
Diseases, and of other similar ene¬ 
mies of Mankind, Small crown *vo. 
Cloth, price 3S. 6d. 

WAY (A.), M.A. 

The Odes of Horace Lite¬ 
rally Translated in Metre. Fcap. 
Svo. Cloth, price ar. 

WEBSTER (Augusta). 

Disguises. A Drama. Small 

crown Svo. Cloth, price Sf. 
WEDMORE (Frederick). 

The Masters of Genre 
Painting. With sixteen illustration. 
Large crown Svo. Cloth, price 
7S. 6d. 
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WHEWELL (William), D.p. 

His Life and Selections 
from his Correspondence. By 
Mrs. Stair Douglas. With Portrait. 
Demy 8vo. Cloth, price 21s, 

WHITAKER (Florence). 
Christy’s Inheritance. A 

London Stoiy. Illustrated. Royal 
ifijmo. Cloth, price is. Cd. 

WHITE (A. D.), LL.D. 

Warfare of Science. With 
Prefatory Note by Professor Tyndall. 
Second Edition. Crown 8vo. Cloth, 
price %s, 6 d. 

WHITNEY (Prof. W. D.) 
Essentials of English 
G-raramar for the U se of 3 chools. 
Crown 8vo. Cloth, price 3f. 6 d. 
WICKSTEED (P, H.>. 

Dante: Six Sermons. Crown 
8vo. Cloth, price ss. 

WILKINS (William). 

Songs of Study. Crown Svo. 
Cloth, price 6f. 

WILLIAMS (Rowland), D.D. 
Stray Thoughts from his 
Note-Books. Edited by his Widow. 
Oown 8vq. Cloth, price 3J. 6 d. 
Psalms, Litanies, Coun- 

• sels and Collects for Devout 
Persons. Edited by his Widow. 
Crown 8vo. Cloth, price 3f. 6^. 

WILLIS (R.), M.D. 

• Servetus and Calvin : a 
Study of an Important Epoch in^the 
Eariy History of the Reformation. 
8vo. Cloth, price i6f. 

William Harvey. A History 
of the Discovery of the Circula¬ 
tion of the Blood. With a Permit 
of Harvey, after Faithomc. Demy 
Svo. Qoth, price 
WILSON (Sir Erasmus). 

Egypt of the Past. With 
lUSiimdons in the Text. Crown 
8yo. C!lo^, price iizr. 

WILSON (i, Schute). 

The Toww and Scaffold, 
Largefc^ap. 8vo. Price x$. 


Within Sound of the Sea. 
By the Author of ‘‘Blue Ro.<5es/ 
“Vera," &c. Fourth Edition in one 
vol. with frontispiece. Price 

WOLLSTONECRAFT (Mary). 

Letters to Imlay. With a 

Preparatory Memoir by C. Kegan 
Paul, and two Portraits in eaaforitt 
by Anna Lea Merritt. Crown 8 vq. 
Cloth, price 6 s. 

WOLTMANN (Dr. Alfred), and 
WOERMANN (Dr. Karl). 
History of Painting in An¬ 
tiquity and the Middle Ages. 
Edited by Sidney Colvin. With nu¬ 
merous illustrations. Medium 8vo. 
Cloth, price 38^.; cloth, bevelled 
boards, gilt leaves, price sor. 

WOOD (Major-QeneralJ. Creigh¬ 
ton). 

Doubling the Consonar' 

Small crown 8vo. Cloth, price is. 

Word was made Flesh. 

Short Family Readings on the 
Epistles for each Sunday of the 
Christian Year. Demy Svo. Cloth, 
price los. 6 d. 

Wren (Sir Christopher); his 

Family and his Times. W’*' 
Original Letters, and a Disco 
on Architecture hitherto nnpuu- 
lished. By Lucy PHILLIMORE. Demy 
Svo. With Portrait, price 14^, 

WRIGHT (Rev. David), M.A. 
Waiting for the Light, and 
other Sermons. Crown Svo. Goth, 
price 6s. 

YOU MAN a (Elixa A.). 

An Essay on the Culture 
of the Observing Powers ot 
Children. Crown Svo. Cloth, price 
as, 6 d. 

First Book of Botany. 

With 300 Engravings. Crown 8v0. 
Cloth, price as. 6 d, 

YOUMANS (Edward L.), M.D. 
A Class Book of Chemistry. 
With 300 Illustrations. Crown Svo. 
Cloth, price ss. 
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